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ABSTRACT 
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a summary of NSF*s 30-yaar history of funding in K-12 seianea 
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He reiults of this study are reported in three volumes: 

lie Summmy Report contain a brief overview of all flndiup and 
condusions regarding NSFs mission in K-12 sdrace eduwtipn, the 
opportunities for the Foundation to make a si^ifiamt contribution to 
solving problems in &12 sdence eduction, and how NSF can approach 
these opportunities more stratepcally. 

Volume 1 'Probkms and Oppomnities presents ftiU discuisions of 
NSFs mission, the problems in &12 sdence education that are 
susceptible to NSFs influence, and the opportunities to address these 
problems* Essays on ea^ opportunity present an analj^is oft 

■ TOe rationde for NSFs involvement. 

■ How current (or projected) NSF programs and polides, carried out 
by its Directorate for Sdence and Enpneering Education (SEE), 
relate to the opportunity. 

■ Promising alternative initiatives for SEE to take advantage of the 
opportunity. 

Volume 2 - Groundwork for Strate^c Invesment (this volume) contains 
extended discussions oft 

■ NSFs •'core" or basic ftinctions in sdence education promoting 
professional interchange, buUdlag a base of inforaatlon and 
knowledge about sdence education, and supporting innovation), 

■ Tie basis for stratepc investment in K-12 sdence education 
(design of initiatives, development of stratepes and strate^c 
capadty). 

Volume 2 also indudes a discussion of otudy methods, a summary of NSFs 
M-year histoiy of ftmding in &12 sdence education, and three commis 
sioned papers (regarding NSFs role in mathematics eduction, computer 
saence education, and efforts to serve minority students in sdence). 
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PREFACE 



In 1984, Congress included in the National Science Foundation's (NSF's) appro- 
priations bill (P.L. 98-371) a requirement for "a contract to develop a science educa- 
tion plan and management structure for the Foundation." T^is and a related mandate, 
that the Foundation "develop a strategic plan for science and engineering education" 
(PpL, 99-159), were partly a result of congressional dissatisfaction mth the program- 
matic plMs that NSF initially proposed when its Directorate for Science and Engin- 
eering Education (SEE) was reinstated in 1983. TTie legislation and associated events 
imderscored Congress* wish that NSF resume its role in education in the sciences and 
renew its programs, which had come under fire several years before and had been term- 
inated (except for the Graduate Fellowships program). 

Along with the mandate to develop a science education plan. Congress indicated 
that NSF should get help in putting together its education-related activities and 
Education Directorate. TTie language of the legislative mandate also expressed con- 
cern about the lack of compelling e\ddence regarding the eftimcy of NSF support in 
science education. 



The Study 

As part of the Foundation's response to the mandate, NSF (SEE) awarded a con- 
tract to SRI International in March 1986 "to assess initiatives available to NSF to 
address problems and opportunities in science education,"* Science education was 
defined broadly to include mathematics, the sciences, and technolo^, but the 
project's scope was limited to the K-12 level.** The project had two major phases: 

(1) Assess initiatives mailable to NSF in TTiis 

phase required SRI to investigate NSPs current and alternative initiatives 
in science education, clarify their objectives, md examine their 



♦ NSF had earUer awarded a cootract to Research Triangl© Institute to assess initiatives related to 
science education (excluding mathematici) at the middle/junior high scliool leveL Subsequently, NSF 
cijnvened a series of panek concerning NSPs role in underp^aduate-level science, mathematics, and 
enpneering education. 

** Throu^out this report, we use the terms "science education" and - education in the sciences" 

generically to include education in mathematics, the natural sciences, enrineering, and technolo^ (as 
both a tool and object of study), except where differences between the disciplinary areas are 
specdfic^y indicated. Similarly, we use i\c tem "K=12" to encompass aU science learning 
activities for children and youth from 5 throu^ 18 years of age, both inside and outside of school. 

xi 
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advantages and disadvantages, based on lessons learned from previously 
supported educational programs. 

(2) Develop an assessment plan and procedures so that NSF could assess its 
own initiatives on an ongoing basis. This phase required a pilot 
evaluation of a current NSF initiative in K-12 science education. 

lliis volume is the final report of the first phase. 

SRI's assessment of initiatives available to NSF proceeded in two stages; each 
involved multiple methods and many sources of information. In the first 6 months of 
the project, working groups were assembled to review from five different perspectives 
all current NSF programs in K-12 science education and examine alternatives to them: 

■ School-based education in the natural sciences 
B School-based mathematics education 

■ Out-of-school (informal) science and mathematics education 

■ Technolos' in science and mathematics education 

H Development and support of science fmd mathematics teachers. 

Acti^ties during this stage included (1) a historical review of NSF K-12 
programs from 1952; (2) interviews of NSF staff, other executive and legislative 
branch staff, members of the scientific and engineering community, and e^qierts in 
science and mathematics education regarding current activities, needs, and opportuni- 
ties in the field; (3) literature reviews and commissioned papers; and (4) analyses 
of current and projected NSF initiatives. An important step in this stage of the 
project was a series of meetings to review the worldng groups' preliminary findings. 
Reviewers were invited from the scientific and science education communities; partici- 
pants included university-based science and mathematics educators and individuals 
with special areas of ej^ertise, such as cognitive science, the publishing industty, 
or teacher education, depending on which of the five perspectives was under discus- 
sion. Subsequently, the project team revised the working-group findings on the basis 
of the reviews, and presented them to the staff of NSF's Education Directorate. 

The second stage of the assessment activity required us to consider findings 
about current initiatives and potential alternatives in a larger framework. To 
provide guidance to tiie Foundation and satisfy the congressional mandate for a 
science education plan, we developed a prospective framework for viewing NSF's 
options, Including what had been learned from the more retrospective view of 
initiatives during the project's fiwt stage. Also, our analysis did not focus only 
at the level of propams and initiatives, but included NSFs overall strate^ in K-12 
science education as well. TTius, the question "What are the advantages and disadvan- 
tages of current and alternative initiatives?" became part of the larger issue, "What 
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are iNDjr s most promisiing mvestmeni opiions, given tfle problems and opportunities in 
K-12 science education?" Ilie five earlier perspectives evolved into a framework of 
opportunities and strategies. Our synthesis of working-group findings, supplemented 
by forther interviews within the science education community and a review by repre- 
sentatives of scientific and profession^ associations, was directed at identifying 
the most promising opportunities available to NSF and strategies for addressing them. 

This Vblume* 

Tliis volume of SRFs report presents a detailed discussion of "core fonctions" 
for the National Science Foundation in K42 science education (promoting professional 
interchange, building the base of information and knowledge about science education, 
md supporting innovation). In addition, this volume discusses the basis for 
strategic Investment in three key activities: 

a Designing initiatives 

B Developing an overarching strategy 

■ Building strategic capacity within the Foundation 

T^is volume also Includes a discussion of study methods, a summary of NSF's 
30-year history of funding in K-12 science education, and three commissioned papers 
(regMding NSF's role in mathematics education, computer science education, and 
efforts to serve minority students in science). 

As e^qplained in the Summon Report, our analysis assumes that NSPs primary 
goal in K-12 science education is to contribute to broadening the pool of competent 
and interested science learners; throughout this volume, we refer the reader to the 
detailed discussions of 10 opportunities for NSF to address this goal 



Michael S, Knapp, 
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The fmdinp and conGlusions from Phase I are also presented m two other volumes: Summary 
Report (an overview of all findinp and conclusiona) and Volume 1 - Problems and Opportuniiies 
(ejrtended discussion of NSPs opportimities to addreis problems in science education). 
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of the findings presented in this report and helped us to reflect the diversity of 
vie^^^oints within the science education community: 

Audrey Champagne and James Rutherford, American Association for the 

Advancement of Science 
Jack Wilson, American Association of Physics Teachers 
Sylvia Ware, American Chemical Society 
Laurie Garduquej America Educational Research Association 
Doris Udtke, American Federation of ^formation Processing Societies 
Dondd EWund, Association of i^erican Publishers, Inc, 
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Robert JameSp Association of Educators of Teachers of Science 
Ellen Griffee and Bonnie Van Dora, Association of Science and Technolo^ 
Centers 

Robert Kenney, Association of State Supervisors of Mathematics 

Peter R&m, Conference Bowd for the Mathematical Sciences 

Leon Ukena, Council for Elemental Science International 

Rotf Blanl^ Council of Chief State School Officers 

Jack Geriovdch, Council of State Science Superwsors 

SusMi Adler and Jane *Arastrong, Education Commission of the States 

Alfred Willcox, Mathematical Association of America 

David Butts, National Association for Research in Science Teaching 

Patrida McWettiy, National ABsociation of Biology Teachers 

Beraard Pipldn, National Association of Geolosf Teachers 

Lea Yunker, Nation^ Council of Supervisors of Mathematics 

James Gates, National Council of Teachers of Mathematics 

Sharon Stroud, National Earth Science Teachers Association 

Harold Pratt, National Science Supervisors Association 

Bill Aldridge and LeRoy Leej NationEd Science Teachers Association, 

We have been invigorated by the Insights and energy of aU of the individuals we 
have named md ottiers too numerous to mentic a. Not even the three volumes in this 
series do justice to the Ml range of their thinking, but we hope that in this report 
we have distilled the issues and options in a way that helps to energize the profes- 
sional community in which these individuals participate and improve the role that NSF 
plays in science education. 
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PART ONES CORE FUNCHONS 



Each of the opporUinities described in the Summary Report and Volume 1 implies 
that NSF invests in goal-directed activities. The^ success of these investments 
depends, in part, on the Foundation's support for other activitieSj which are focused 
less on a particular educational improvement goal than on the underpinnings for all 
improvement efforts: the interchange of ideas within the professional community, the 
development of information and knowledge about science education, and the encour- 
agement of innovative ideas. TTirough these kinds of support, which we call "core 
functions," NSF (SEE) accomplishes two things: it prepares the science education com- 
munity to take advantage of the opportunities, and it aids its own process of 
designing effective initiatives. Simultaneously, the Foundation provides an essential 
national resource to the professional community. 

In this part of the report, we ej^laln why each function is essential, why the 
Foundation is uniquely suited to car^ it out, what NSF (SEE) is currently doing to 
ftilflll the fimction, and what remains to be done (if anything) to establish the 
function more securely. We argue that, with some exceptions, the Foundation should 
invest more resources and pay greater attention to these functions than it now does; 
for each ftmction there are a series of attractive initiatives for accomplishing this 
end. 



TTie Core Functions 

We organize and define the three functions as follows: 

■ Promoting professional interchange: activities aimed at (1) maintaining the 
link between educators and the scientific community, (2) developing networks 
within the science education community, and (3) estabUshing mechanisms for 
archiving and disseminating materials or information among prospective users. 

■ Building the base of information and Imowledge about science education: 
activities aimed at (1) investigating science learning and learning environ- 
ments (including the study of science learning processes, teaching, educa- 
tional technologies, alternative settings, etc.), (2) learning about science 
education systems (including national and international assessments, moni- 
toring, studies of system fimctioning, etc.), and (3) documenting or eval- 
uating the results of NSF (SEE) interventions. 

■ Supporting innovation: activities that encourage innovation in science 
education on an open-ended basis, that is, not in relation to a particular 
target of intervention but as defined by creative individuals in tlie profes- 
sional community (e.g., as displayed in proposals that "fall between the 
cracks" in SEE's current program structure). 
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NSF's Role 



These functions represent a different kind of role for NSF; rather than direc- 
ting its ftinding toward specified targets, the Foundation acts as a central, national 
resource to the sdence education community by encouraging the exchange of ideas, 
supporting the development of knowledge about science education, and responding to 
unanticipated or innovative ideas that supplement and extend the efforts of others In 
these areas. 

Mide from the service they represent, these functions bear an important rela- 
tionship to NSPs efforts to address the opportunities described in other volumes of 
this report. Extensive interchange among project directors (and others in the 
science education community) can encourage cross-fertilization while projects or pro- 
grams are under way. Designing effective strategies for addressing opportunities 
depends in part on accurate information about the state of the field and on a clear 
understanding of the learning process. And if the results of individual projects are 
to cumulate, be interpreted, and be made available to others (especially important in 
the case of demonstration projects), effective documentaiy evaluation and archiving 
are required. 

niese functions are especially appropriate for the Foundation. As the most cen- 
trally positioned and visible national-level institution concerned with education in 
the sciences, NSF (SEE) is able to orchestrate the interaction among diverse groups 
in the professional community. Hie Directorate can muster a sufficient body of dis- 
cretionary resources to support open-ended inquiiy. By the nature of the work it sup- 
ports, the Foundation is naturally located at the intellectual center of the science 
education community. 

One may well ask whether NSF (SEE) needs to support distinct activities to accom- 
plish these functions, or whether the functions can be accomplished as a by-product 
of investments aimed at particular opportunities. To some extent, these core fimc- 
tions can be, and are, carried out in the course of projects focused on targeted 
goals-the development of particular kinds of curriculum, teacher education for pros- 
pective science or mathematics teachers, etc. For example, efforts to reconcep- 
tualize the content of mathematics and science instruction rest, in part, on the par- 
ticipation of members of the scientific community, as well as on the findings of 
research on science learning. 

However, those research findings and participants will only exist if an ongoing 
"intellectual infrastructure" is maintained. Members of the scientific community who 
wish to make useful contributions to reconceptualizing the content of school instruc- 
tion need to be fafflillar with schools and K-12 educational issues. Some form of 
open-ended support"intellectual "risk capit^"~must also exist for scholars to 
pursue interesting avenues of inquity. In other words, a critical mass of scientists 
(or scientifically trained professionals) and educational researchers, among others, 
must commit substantial mnounts of time-even whole careers-to pursuing these 
issues. NSFs role, then, is to prowde a secure base of support for this intellec- 
tual infrastructure over the long term. 
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PROMOUNG PROFESSIONAL INTERCHANGE 



TTie fact Jhat the disciplines of science and mathematics are in rapid flux is 
well known. Because of the constant change in content, and for a wide variety of 
other reasons (increasing use of technolo^, new goals, state mandates, etc.), the 
system of science education at the K-12 level is also changing rapidly. For the 
hundreds of thousands of professionals engaged in science education to be successful, 
they need to be exposed to a wide variety of ideas and people who will provide 
information necessaty for them to do their jobs well. 

Many people and agencies share responsibility for promoting professional 
interchange, ranging from science and mathematics teachers themselves to textbook 
publishers and state education agencies. In addition, NSF has a very strong interest 
in helpmg to promote professional interchange because it will help NSF to fiilfill 
its mission in science education. In several areas, NSF is particularly well suited 
to cany out this function, notably in fostering the exchange of ideas between 
scientists and educators, and in helping to disseminate taiowledge about work that NSF 
(SEE) itself has supported in science education. In these and other ways, NSF has a 
responsibility to help promote professional interchange of ideas and materials as a 
means of improving science education. 



TTie Need for Professional Interchange^ in Context 

In science education, as in science itself, there is a need to maintain an 
"intellectual infrastructure." Without suitable interaction and exchange of ideas 
(e.g., in-service traimng, professional journals, meetings), the field would quickly 
become moribund. Many individuals and institutions contribute to this infrastruc- 
ture, including professional societies (e.g. NCTM, NSTA, ACS, AAAS), school 
districts, and universities. However, NSF also has a responsibility to act in this 
area. In this section, we discuss NSF's role under three broad headings: main- 
tauiing links between educators and members of the scientific community, developing 
networla within the science education community, and establishing more effective 
mechanisms for archiving and disseminating SEE's own materials and information. 



Maintairmg the Link Between Education and the Sciences 

In principle, at least, many members of the scientific community have a unique 
and important contribution to make to K-12 education in the sciences. Tliey know the 
craft and culture of science firsthand. TTiey know that the disciplines of science 
are mtellectually exciting, alive, and evolving. They are in a better position than 
teachers to distinguish enduring, underlying principles from the mass of information 
about their discipline. Drawing on their immersion in the subject discipline, 
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scientists, mathematicians, and engineers have the ability to help science and mathe- 
matics teaching accurately reflect the nature and excitement of science. TTirough 
their involvement they can also contribute to the prestige of science education and 
K.-12 education generally, and serve as role models for students (both or which are 
important functions). 

At present, however, the reality is that few avenues are available for science- 
trained professionals at all levels, from undergraduate science students through 
professors emeriti, to participate in the K-12 educational process. Scientists, for 
the most part, are intensely involved in their own research worl^ with little time or 
encouragement to pursue educational issues, especially at the K-12 level. Present 
professional reward ^stems offer few incentives and considerable disincentives for 
such involvement. Moreover, the realities of districts, schools, and classrooms are 
foreign and uninviting to many scientists. As a result of these barriers, scientists 
have largely abandoned the teaching of the ftmdamentals of their own disciplines to 
others who are less familiar with the nature and structure of the scientific 
enterprise. 

The Amencan Journal of Physics (AJP) bemoaned this abandonment in a series 
of editorialsr 

Let us compare, for example, typical members of the American Association of 
Phyiici Teachers [AAPT] with typical members of the American Physical Society 
[APS]: I suggest that in 1986 there is a p-eater distance between these two 
groups than there was in 1940, Further, I surest that both the AAPT and the APS 
are, in 1986, the worse for it. Even sadder, I believe that contemporary 
culture is the worse for it-and profoundly so.... (Rigden, 1986a) 

From the perspective of general education, contempora^ physics is a far richer 
resource than was the ph^ics of the 1940s. Yet, if the pages of AJP from the 
two eras are compared, the conclusion must be drawn that physicists were more 
concerned about general education then than they are now. Why? (Rigden, 1986b) 

A well-known scientist, on the other hand, ejqjlained it to us this way: 

"For the young scientist, the reward structures are all wong- they are fully 
involved in their own work. For the older scientists, by the time they get 
there, they are ftiUy socialized into science and have come to spurn educa- 
tion.... Also, scientists are somewhat self-selected against those who can 
communicate or wite weU,.,. Really, scientists are no more and no less 
narrowly focused on their owa myopic agendas than those in any other 
profession.... It is all a question of reward structures." 

NSPs close connection and familiarity with the university-based scientific and 
engineering communities creates an opportunity for arranging interactions between 
scientists and educators. NSF has prestige and credibility in both worids, enabling 
it to bring together good scientists and educators. Additionally, SEE now has years 
of experience in understanding the nature of the collaboration that is needed to 
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create successful K- 12 programs, both in and out of the schools. With the coopera- 
tion of the other directorates, SEE is ideally positioned to establish a range of 
creative and diverse progranis that bring scientists into the world of education and 
educators into the world of science. 

It is important to point out that we do not believe it is feasible (or even 
desirable) for NSF to return to the pattern of the 1960s, when scientists led the 
Sputnik-inspired improvement of science and mathematics education. The need to 
address all students means that the opportunity now is to facilitate collaborative 
interactions between scientists, science educators, and other educators. In addi- 
tion, NSF con continue to support the educational development of science profes- 
sionals who decide to address educational issues with the same fervor and rigor as 
they do scientific problems. 

Thus, in addition to its current priority on ftmding projects that bring 
together scientists and educators (for research, development, and teacher training), 
two general approaches are promising for SEE. One is the establishment of long-term 
wenas of collaboration between scientists and educators for cariying out a wide 
range of research, curriculum development, and evaluation projects. Specifically, 
NSF could: f j f y, 

m Support regional science centers that are dedicated to improving the 
curricula and teaching. Typically centered in science museums and 
universities, such centers could serve as prestigious arenas for scientists, 
science educators, and local teachers and administrators. 

The second promising approach is for NSF to support opportunities for scientists 
to fiirther their interests, skills, and careers in the educational domain. For 
example, NSF could support: 

■ Graduate-level programs and fellowships for students trained in science at 
the graduate level to pursue research and careers in science education. 

a Collaborative work with professional societies to provide opportunities for 
scientists to participate in internships, conferences, and sabbaticals. 

All of these options are described in more detail in the section on promising 
initiatives. 



Developing Networks within the Science Education Community 

One of the Foundation's richest resources is the large number of grant 
recipients who are actively working on projects under NSF support at any one time. 
Grants related to K-12 education in the sciences number in the hundreds at current 
levels of fiinding; many of them are working on related topics and could benefit 
considerably from one another's e^eriences, if the occasion and means to do so were 
at hand. Tn addition to those who have NSF grants, there are many more whose 
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activities and thinking are a potential source of direction for NSF and who are one 
of the key audiences for the results of NSF projects. Given its position and roles 
m science education, the Foundation has a core function of stimulating the 
interciiange wdi and among these members of the science education community. 

There are, of course, naturally occurring linkages among professionals within 
the science education community. As in any area of endeavor, professionals tend to 
make it their business to know about other activities related to their own. However, 
unlike the well-defined community of scholars engaged in a particular line of scien-' 
tific rescMch who are likely to be in close touch with relevant developments in 
their field, the participants in efforts to improve science education in schools or 
informal institutions are highly diverse, representing subject fields as different as 
early childhood development, chemistiy, and materials design, or institutional set- 
tmgs as diverse as a publishing house, a professional society, and an elementaiy 
school district. Generally, there is no natural meeting ground for such people. 
Occasions for mterchange among such groups must be created. NSF has done well ove 
the years to stimulate collaborative arenas, primarily within individual projects and 
occasionally through meetings or conferences that bring larger groups together. 

Vfhy should NSF support such activities? Its position between educators and the 
scientific community and its ongoing relationship with many who are directly involved 
vnth research, training, development, and other activities related to education in 
the sciences make it a logical stimulus for such interchange. It shares this respon- 
sibility with existing forums afforded by professional societies (such as the 
AAAS, the National Council of Teachers of Mathematics, the American Chemical 
Society, and others) or occasionally convened through the auspices of private founda- 
tions or umversities. But with few exceptions (AAAS is one), NSF is in touch with a 
greater breadth of activities at any one time than any other group, by virtue of the 
amount of grant ftmds it has and the scope of its programs. Hence, NSF can act as an 
mteUectual broker or "switchboard" in ways that faciUtate productive interchanges 
among groups that are unlikely to relate to one another. 

The greatest potential lies in communication between science education groups 
that have hitherto remained apart-for example, university-based science education 
researchers working with advanced learning technolos^, industty-based hardware and 
software developers, and practicing educators, all of whom need to join forces more 
effectively if the promise of advanced technology is to be realized. NSF can do much 
to put these kinds of groups in touch with one another. Further ej^eiimentation with 
network mechanisms, meetings, and other forums should be considered. 



Establishing More Effective Mechanisms for Archiving and 
Disseminating Materials and Information 

Science education professionals require easy access to the tools of their trade 
Yet the science education community as a whole faces a perennial problem in makin^ 
tiigh-quahty matenals and research results available and usefiil to disparate groups 
withm the community, especially teachers. SEE's own approach of leaving most 
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materiaJs and reseMch dissemination up to individual project directors is widely 
recognized as inadequate. Now, as a large number of new research and development 
projerts BI& coming to fruition, is an appropriate time for SEE to develop better 
archi\dng and dissemination capabilitieSi drawing on advanced technologies where 
necessaiy. Supporting additional mechanisms for archiving, inteipreting, and 
dissenunating infomiation and materials would also be appropriate, 

NSF is quite fMiiliar with the problem. In the last several decades, many 
high-qudlty instruction^ materids have been developed for use in elementaiy, 
middle, and high school science and mathematics classrooms and in teacher training 
progrMis. Some of the best of these materials, many of which were partly or fully 
pdd for v^th NSF fimding, have remained in circulation, particularly through 
cornmercial publication md distribution channels (e.g.. Elemental Science Study 
and Science: A Process Approach, materi^s developed 20 years ago for elementary 
science, are still available)* However, other fine materials quickly became lost 
from view, sometimes as much for want of an appropriate distribution mechanism as 
for lack of demand. 

Over the same period of time, many items of inferior qu^ity have continued to 
be readily available; these ^ically include materials that are most easily marketed 
to the mass school market, including those viithout complications entailed by accom- 
panying kits or the risk associated with innovative formats. In short, there is a 
major and perenni^ challenge facing science education- maximizing the spread and 
longevity of existing high-quality materids (those that enhance students' learning 
of desirable sdentific content, sWUs, and attitudes), as distinguished from the 
larger set of inferior materials, 

ITiere is a parallel problem regarding the spread of knowledge. During the past 
few decades, a good deal of vdsdom has been developed about promising approaches 
to science education, based on research studies and the testing of teaching 
practices. Yet the accumulated knowledge available to practitioners about these 
practices and insights is relatively meager. Once again, the lack of effective 
mechanisras for assembling this taiowledge, interpreting it, and making it available to 
the various audiences that might use it, especially practicing teachers and program 
planners, is largely responsible. 

Conceptually, there are four activities that need improvement: (1) assembling 
large amounts of iirfoiraation about science education research and materials at 
central points; (2) synthesizing and inte^reting it, including making judgments 
about more and less effective materials; (3) indexing or otherwise reducing the 
information so that users can quickly find what they want; and (4) dispersing the 
infonnation (at least in reduced, synthesized, or interpreted form) throughout the 
decentrdized system of users (schools, science teachers, researchers, teacher 
educators) so that large numbers of people can and do make use of it 

NSF is not alone mnong the institutions that have been or might be concerned 
with this problem, but in science, mathematics, and technolo©^ education, NSF is ve^ 
well positioned to promote a comprehensive and satisfactoiy solution to it (because 
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of Its mdependence from commercial interests, close comiections with both educators 
and the scientific community, an excellent reputation among science and mathematics 
teachers, etc.). Several kinds of efforts have been undertaken by others over the 
last three decades: 

m ERIC Clemnghome. The ERIC Clearinghouse for Science, Mathematics and 
Envu-onmental Education at Ohio State University has been fimded for many 
years by the U.S. Department of Education as part of the ERIC (Educational 
Resources Information Center) system. ERIC, consisting of 16 clearinghouses ' 
m various subject fields, exists to meet the needs of researchers and practi- 
tioners for eaqr access to information about education research, curriculum, 
and other matters. A substantial collection has been assembled, and each 
year nearly 1,000 documents and 1,800 journal articles are added to it, 
including compilations and syntheses produced by the Clearinghouse. ERIC is 
comprehensive in certain areas (notably research), but, although there is 
some provision for sorting out items of poor quality, some users report that 
they are overloaded with document abstracts or references to journal 
articles, many of which are of questionable value. ERIC has historically 
placed priority on research documents; consequently, less attention has been 
paid to curriculum documents or other practitioner-oriented materials 
Hence, despite the fact that ERIC annually sells more than 15 million nucro- 
flche and is accessible wa computer telecommunications at hundreds of loca- 
tions, the ERIC system is not as weU known among educators, and especially 
teachers, as one might expect, toterestingly, one curriculum area that is 
apparentiy weU represented is materials produced under SEE grants. Boxes of 
matenals were submitted to EMC at about the time that SEE was disbanded- 
others are submitted by principal investigators. However, there is appar- ' 
ently no general procedure whereby NSF, after receiving final reports 
(including curriculum materials), submits such materials directly to ERIC. 

- Intemationai Cleannghouse, TTie University of Mainland's International 
Qeannghouse on Science and Mathematics Curricular Developments which is 
no longer operational, did not focus on research. It concentrated instead on 
cumcular materials from the United States and other nations. It had some 
gaps m Its collection, but cutaloged approximately 300 curriculum projects 
m science between 1956 and 1977. In contrast to the ERIC Clearinghouse the 
Internationa Clearinghouse never had mechanisms comparable to microfiche 
computer networks, and floppy disks by which to disseminate its material. 

■ Other centraized collections. Other centralized collections of materials 
and information exist, often with a more specialized focus (e.g., the 
Teachers' Clearinghouse for Science and Society Education in New York City 

the science textbook coUection of the U.S.Ubraiy of Congress), but they 
too, fall short of flilfilling a complete curriculum clearinghouse function. ' 
Not only is the scope of each limited, but users must generally travel to the 
coUections. Some of these organizations (e.g., the Teachers' Clearinghouse) 
pubhsh excellent newsletters and bibliographies for teachers' use. 
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■ Reviews, Scieme education joumds Md professional societi^^ 
continuing review function that highlights the availability and merits of new 
materiali, as well as interpreting and disseminating research-based knowledge 
among science educators. For example, The Mathematics Teacher, published 
monthly, regularly renews high school mathematics textbooks and, from time 
to time, reports some research results (such as findings from the National 
Assessment in mathematics). The AAAS publishes a periodical, Science Booh 
ondFilms^ whose sole purpose is revie\^dng materials, including science 
books for children and, begirming in 1985, high school textbooks. Although 
highly useftil, these activities are generally incomplete; usually only a few 
materials are re^^ewed at a time in these settings, the reviews are brief, 

and re^ewers (Mid the journals) axe often reluctant to appeM too negative. 
Nonetheless, one suspects that sources such as these are underused and are 
more valuable than is generally recognized, 

■ Syntheses, Several science md mathematics teachers' associations 
distribute research syntheses of interest to practitioners. For example, the 
National Council of Teachers of Mathematics (NCTM) distributes Ctoroom 
Ideas from Research on Secondary School Mathematics. These organizations 
also compile information about various materials, such as Mathematics Tests 
Available in the United States and Cm^a, Other organizations also 
sponsor such work, including the ERIC CleMinghouse (see above) and the 
Department of Education's "education laboratories," which produced a series 
called Research Within Reach, including severd volumes on science and 
mathematics teaching. 

What can NSF do to improve on this situation? First, the avmlability of 
research and research syntheses seems on the whole to be more effectively organized 
than Me the collection, analysis, and dissemination of curriculM materials and 
information about them* (However, research synthesis and interpretation for par- 
ticular audiences still deserves NSPs attention; see the discussion of initiatives 
below,) Teachers, department chainnen, parents, and others interested in learning 
about, and perhaps examining, a broad wray of instructional materials available for 
some area of the science and mathematics curriculum (including written materials, 
computer sofhvare, videotapes, assessment instruments, etc,) find that there are not 
enough services or guides avdlable to make the Job easy or straightforward, 

A low-cost, "bare-bones" approach to both the research and materials problems 
would be for NSF (SEE) to be^n to archive results of all (or a selection) of its own 
research and development projects, notably including products of the Instructional 
Materials Development and Applications of Advanced Technolo©^ programs. Archiving 
might be done centrally, such as in a Ubraty, or it might be done in a format suit- 
able for electronic distribution (e.g., on CD-ROM discs). In either case, the 
objective would be to assure permanent and relatively easy access to knowledge 
and cumcular resources produced under support from SEE, 

NSF (SEE) can, however, think in terms of a larger response to the problem. By 
virtue of its central position in the field and the Idnds of discretionaty resources 

1-9 



29 



It conimaijds, NSF can spearhead the establishment of a more sophisticated archiving 
and dissem'nation capability for cuiricular materials. TTiis might be accomplished in 
part by eupporting research into appropriate ways to cany out the task, in part by 
connecting existing efforts more effectively (e.g., by telecommunications) and by 
funding the creation of new kinds of centers and distribution mechanisms. 

The biggest contribution NSF can make to this need may have more to do with its 
capacity to select from, and interpret, the array of materials available than with 
efforts to assemble and index all materids. Comprehensive archiving without inter- 
pretation (or, at the least, a sophisticated queiy system) may be of less use than a 
selective representation of the best materials available across a range of possibili- 
ties. The Best of the Best of ERIC smes is om model: some ERIC clearing- 
houses, for example, do an annual selective compilation of abstracts in particular 
"hot topic" areas and publish this as a small volume for interested users. In 
meeting the need for archiving and dissemination, less if often more. 

NSF would bring several key strengths to bear on the problem: access to scien- 
tists who can participate in the review of materials, familiarity with the science 
education community md with its past and present work, resources to support the 
development or adaptation of appropriate technology, and a reputation for attention 
to the quality of science education materials. Few other institutions, if any, are 
likely to concentrate effort on this problem. 

In addition, this is a time that the spotlight of reform is on the schools. 
Now, while states and districts are reconsidering the structure of their curricula in 
these subject areas, is the most appropriate time to make a wider range of ideas and 
matenals available, to stimulate and assist the process of choosing programs at the 
state and local levels. 



NSF (SEE) Activities in Relation to This Core Function 

SEE already has activities under way in the general area of promoting profes- 
sional mterchange. For example, there is a general priority on projects that 
involve professional scientists, mathematicians, or engineers, in addition to science 
educators. Also, SEE currently operates a Science and Mathematics Education 
Networks program to facilitate communication among science educators (and others) A 
more detaUed description of SEE's activities, along with a discussion of their 
strengths and weaknesses, follows. 



SEE Policies Aimed at Maintaining the Link 
Between Education and the Sciences 

In the 1950s and 1960s, NSF appealed to the scientific community to lead 
large-scale curriculum projects aimed at upgrading and revitalizing K-12 science 
mathematics, and technology education. A large number of scientists and 
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mathematicians did become leaders in this effort, including (among others) Beberman 
Begle, Fehr, Holton, Kaiplus, Pimentel, and Zacharias. * 



In addition, throughout its history, SEE project review criteria have specified 
that all projects must be judged on both scientiflc and educational merit. Accord- 
ingly, staff of NSF-funded projects have ^ically included scientists or those mth 
sufficient scientiflc ei^ertise to ensure that the scientific aspects of the project 
would be of high quality. Consequently, a significant proportion of NSF-funded 
principal investigators have been scientists or mathematicians located in univer- 
sities and museums. 

In line with this tradition, SEE currently makes the active involvement of 
scientists, mathematicians, or engineers a major priority for proposed projects in 
all of its programs. In some cases, members of the scientific community are the 
prmcipal investigators (for example, of teacher institutes and of some materials 
development projects); often, they are included in projects as collaborating members 
of tte project team. TTie Directorate's poliQr represents the strong conviction of 
SEE planners that the success of science education efforts depends in part on the 
participation of individuals active in the subject disciplines. 

This poUcy has clearly made it possible for a number of highly motivated 
individuals to gain exposure to issues of science education and, in some cases take 
the lead m shapmg projects. But SEE planners and program officers confess 
difficulties with the policy. The demandmg SEE guidelines for proposal preparation 
discourage a number of potentially interested scientists from submitting proposals, 
and those who do often find their proposals noncompetitive. Scientists are more used 
to the relatively open grantsmaMng process in the rest of NSF. Second, the quality 
of collaboration elicited by the current poUty varies considerably; proposers are 
tempted to include "token" scientists in situations where an appropriate mdividual 
IS unavailable for the project in question. TTiird, scientists frequently lack the 
requisite ej^ertise in educational issues to be of great help, until they have been 
involved for substantial periods of time. Fourth, interested members of the 
scientific community often find the specificity of SEE programs too confining- their 
own ideas don't fit. Finally, some of the emerging directions in SEE progran^ (e c 
the emphasis on the elementaiy level for materials development or the shift toward 
distnct-centered training in teacher enhancement projects) make it difficult for 
large numbers of scientists to participate. 

Hiese difficulties may^have been exacerbated by recent trends in SEE ftmding 
pnonties and guidelines. For example, SEE is now strongly encouraging the use of 
consortia and collaborative teams in the structuring of its projects, so as to 
mclude all the relevant constituencies and eiqiertise required for projects that will 
be successfiiUy implemented in the schools. For example, the latest guidelines for 
teacher training projects suggest that proposed projects might include classroom 
teachers, teacher educators, educational researchers, curriculum developers, school 
supervisors, and subject-matter scholars. ITiis emphasis coincides with an increasing 
focus on the school or district as the "center of gravity" for the project. 
Collaborative arrangements such as these that are centered more in the schools 



1-11 



ERIC 



provide fewer incentives and present more barriers to the participation of scien- 
tists. One of the costs of the present emphasis on collaborative teams may be to 
discourage the best, most creative (and autonomous) scientists from participating. 

One can imagine alternatives to the current SEE strate©' that would not alienate 
the scientiflc commimlty as much, SEE could encourage greater differentiation of 
projects so that some involved working scientists more than others. SEE could also 
find and support appropriate roles \wthin a teamwork structure for scientists to play 
(e.g., as reviewers and critics). Further, SEE (and NSF as a whole) could stimulate 
the creation of appropriate mechanisms for providing scientists with professional 
rewards and incentives for educational work (e.g., Science magazine has recently 
agreed to publish research articles that deal with science education if they meet 
accepted social science research standards). 



SEE's Investments in Network Development 

SEE currently encourages interchange among members of the science education 
community, including pant recipients, m several ways that represent a promising 
step toward a more satisfactoty exchange of ideas. First, within programs, regional 
or national gatherings of project directors are periodic^ly held, typically to "show 
and tell" project process. Second, agenda- setting conferences or meetings are 
occasionily orgaruzed (these we not limited to grant recipients, nor should they 
be), Hiird, the Science and Mathematics Education Networks progrmn funds projects 
that create or extend information-sharing arrangements, wliich may include grant 
recipients, althou^ they are not focused primarily on this categoty of user. 

These activities achieve some depee of interchange, but they are limited in 
several ways. ITie potential syner^ among grant recipients remains a largely 
untapped resource. With the exception of project directors' meetings, none of these 
activities ej^llcitiy aims at grant recipients. Grant recipients from different 
programs are unlikely to be e^osed to each other's work, except through their own 
professional grapevine. Large gatherings of principal investigators are not likely 
to be orgMlzed frequently, for obvious logistical reasons. Fmally, the show-and- 
tell mode of mMiy principal investigators' meetings discourages thematically based or 
issue-oriented interaction. 

To its credit, NSF has begun to e^qieriment with principal investigators' 
meetinp, by organizing them around Important Issues In the field that confront a 
group of project du-ectors. For example, a recent gathering of individuals directing 
teacher enhancement projects devoted much of the time to an e3^1oration of the 
"leadership teacher training" concept and the problems or progress encountered in 
projects that sou^t to achieve this goal. Other kinds of thematically organized 
meetings a. e possible, as are numerous devices that Increase the incentive or 
establish the means for project directors whose projects address similar goals to 
exchange information with one another. 
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At relatively little additional expense, SEE could signiflcantly improve the 
interchMge among pant recipients (and others) through other means such as- 

■ A telecommunications network among principal investigators. It could become 
a stipulation of the grant award (md thus a small part of each project's 
budget) that all project directors participate in a telecommunications net- 
work throughout the duration of their grants; subsaquently, they might be 
allowed to continue at their ovm ejcpense. Tlie network might feature topical 
bulletin boards, electronic forums, or other means to link project directors 
with similar interests. 

A more substantia amount of resources would be required for the following kind of 
communication device, which would serve a much wider audience than grant recipients: 

■ A regular NSF journal on education in the sciences, patterned after Mosaic, 
the Foimdation's journal for publicizing developments in scientific research, 
that features sections on grants in progress, syntheses of research, etc., 
organized by issue or theme. 

These possibilities are discussed in more detail in the description of initiatives 
later in this section. 



SEE's Current Contribution to Archiving and 
Dissemination of Information and Materials 

In the 3 years following SEE reinstatement, programmatic attempts to assemble, 
interpret, and disseminate materials and information to practicing science educators 
have not been a high priority for NSF. TTie following kinds of activities in fiscal 
years 1984-1986 have addressed this need- 

B A few projects have reviewed and synthesized research studies (e.g., 
regarding the effectiveness of homework in science) or cataloged existing 
materials in particular areas (e.g., the elementary science materials 
available regionally). 

■ Projects funded to establish communication networks on a local, regional, or 
national basis are, among other things, sharing information about effective 
practices and available materials. 

■ Some individual principal investigators have disseminated the results of 
their research, development, or training projects to wider audiences, with 
varying degrees of success. 

■ NSF produced its own listing, by state, of all projects ftmded by SEE during 
this 3-year period. 
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One should add that for a certain categoj^ of projects-large-scale materials 
development done with publication in mind--commercial channels offer effective 
distribution mechanisms, but only as long as the materials "sell." 

SEE's current approach to these needs has encountered difficulties: 

a pocummtation. The, starting point for any attempt to archive or dissem- 
inate the results of projects is the creation of a descriptive record of 
project activities and results. This is generally left to principal investi- 
gators, who are required to ftimlsh annual reports and a final report. TTie 
thoroughness of these reports varies (see the next core function-building 
the base of information and knowledge about science education-for a more 
detailed discussion of project documentation). Projects are documented in 
other ways, as well-for example, the initial abstract in the proposal, 
publication of research results in journals, or publication of materials by 
commercial firms. ITie abstracts, when edited and published by SEE, are an 
important source of information about both projects and programs-often the 
only information that is publicly available. As far as results are con- 
cerned, research projects that are published in journals are ^ically pub- 
lished in a journal wth limited readership; few research results are known 
by teachers. Similarly, few of the development projects now being supported 
are likely to reach commercial distribution (note that recent collaborative 
development efforts with publishers are an exception here). 

■ Archiving. Beyond an annual published directory of awards (listed by 

state, with no programmatic or topical index) and published grants summaries 
by program (e.g., NSF, 1987a, 1987b, 1987c), NSF currently maintains no 
archivmg system through which project documentation, evaluation, or products 
can be made accessible to those who want them. For example, the minimal 
solutlon-a librae of final project reports at NSF-does not exist. 

■ Dissemination. As with the two ftmctions described above, project dir c- 
tors are given responsibility for developing dissemlration plans, which vary 
m effectiveness and are typically short-lived. Long-term storage and 
retrievd (If any) is left to the U.S. Department of Education's ERIC system. 
SEE planners are considering plans to establish a clearinghouse for all 
SEE-supported products and project results, but, the exact nature of this 
facihty remains a matter of debate. 

ITiese ftmctions are not easily accomplished for a number of reasons. They take 
considerable staff time and resources, which are in extremely short supply. In the 
case of wchivmg, questions of physical storage space and the ongoing operational 
costs of mamtaining an archiving system are difficulties not easily overcome. 
Debate continues on the relative importance of selection and interpretation versus 
comprehensive archiving. 

The shortcomings of these efforts with respect to the core function under 
discussion are obvious and familiar to NSF (SEE) staff. For example, principal 
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investigators me often not the most effective dissemination agents; and, given 
scarce resources for research, synthesis and dissemination activities have neces- 
sarily taken second place to support for new research. 

Cuirently, SEE is considering more ambitious steps to meet the needs for 
archiving and disseminations 

■ A set of published directories, including abstracts that describe SEE 
projects (similar to what was done in the 1970s). 

B T^e possibility of a national evaluation and dissemination center for all 
NSF-supported materials, combining archiving with aggressive dissemination. 
Tins would represent a big step forward in addressing some aspects of the 
opportunity. 

But even these measures will fall far short of the overall goal. New initiatives are 
needed that will improve archiving and dissemination of information and materials. 



Promising Initiatives 

SEE is particularly well situated to promote professional interchange among the 
recipients of its own awards. Similarly, information and materials produced under 
grant or contract from SEE aie (at least in principle) those most easily archived 
and/or entered into some network through which the science education community ci 
become better informed. In addition, because of its extensive ties with the scien- 
tific community, NSF is particularly well suited to foster exchanges between 
educators and members of the scientific community. 

Despite the fact that NSF is in a good position to do so, in reality, for a 
number of reasons (notably limited resources), SEE is doing lass than it might to 
promote or encourage professional interchange. Below we present a number of prom 
ismg uutiatives that SEE could undert^e to increase its effectiveness in promoting 
professional interchange and strengthening science education. (ITiese initiatives are 
especially promising; others are certainly possible. 



Initiatives That Establish Stronger Linla 
Between Education and the Sciences 

We see two broad categories of initiatives that are likely to stimulate more 
diverse and useful collaboration between educators and members of the scientific 
community.' (1) creating arenas of collaboration, and (2) supporting the development 
of 'scientist-educators." 

At the K-12 level, high-quality science instruction requires an intelligent and 
sensitive blend of science content and pedagosr. Without a careful integration of 
the two, an imbalance may occur, resulting in science instruction that too heavily 
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reflects the scientist's point of view (making it pedantic, difficult, and inappro- 
pnate for the audience) or the educator's point of view (leaving it weak in 
scientific substance or clarity). 

At the K-12 level, the integration of science and pedagogy is happening in 
various ways--for example, in research that focuses heavily on the subject-specific 
processes of learning; in teacher training workshops that give teachers appropriate 
knowledge of the disciplines and how to teach them; in television productions and 
museums that artftxlly blend science content with attractive pedago^. 

Integration of good science with good pedagogy requires the joint effort of 
people who understand both the educational and scientific worids. But to bring thes( 
people together in productive ways, structures for collaboration and rewards for par- 
ticipation are required. Because of its e^erience and prestige with both the educa- 
tion and scientific communities, NSF can create arenas of work that will attract and 
reward the best in education and in science. 

Support national and regonal science education centers-NSF could fond a 
smaU number of national centers, each focusing on a different aspect of science 
mathematics, and technology education, where a critical mass of scientific and ' 
education ej^sertise could be brought together to work on new developments that 
might significantly advance the field. Centers could be established to focus on 
technoloa^, mathematira, informal science education, leadership teacher developmen 
cumculum development, and research. Not only could they serve as places where 
mnovative projects occur, but they could foster interaction between professionals in 
a way that^develops national science education leaders. TTiey might also be places 
where graduate programs in science education ai s centered. 

At the regional level, NSF could create and support resource centers that sup- 
port and upgrade the regional quaUty of science education. Such resource centers 
could have a smaU permanent staff and offer a chance for local scientists and educa- 
tors to come for penods of a few days up to several years to work on science educa- 
tion projects. Specifically, such centers could enhance the quality of (1) curricu- 
lum framework and development projects for states and local districts, (2) inservice 
tr^g capabilities, (3) preparatoty training of new teachers, (4) local evaluation 
and resewch projects, and (5) the local public understanding of science Such 
regional centers might look Uke the partnerships of university, industiy, and local 
schools descnbed in Volume 1 of this report (see Opportunity 4), or they might 
have a more flexible collaborative form, with teachers at the core (Ford Foundation 

• Unction and advantage of NSF-sponsored national and regional centers 

IS that they might provide a nucleus for the meeting and cooperation of leading scien- 
tists, science educators, and educational scholws who do not specialize in science- 
related issues, hi the past, NSF has resisted the notion of supporting centers per 
se; indeed, there are well-documented pitfaUs to the center approach, as the U S 
Department of Education's ej^erience wth regional "laboratories" and research ' 
centers attests. TTiese centers might be established in an informal rather than a 
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formalized way (e.g., the Harvard Technology Center), with a 7- to 10-year mandate 
and a threshold level of fimding to avoid some of the pitfalls of long-term center 
support. 

Depending on the size and configuration of the centers it supports, SEE would 
need to invest between $25 million and $35 million over the next 5 years to make 
these centers a reality. 

In addition to establishing collaborative arenas such as these, NSF (SEE) could 
do much to improve the incentives for scientists to make long-term commitments to 
work in education. Over the years, a smdl number of practicing scientists have 
become actively involved in education, while maintaining their ties to their respec- 
tive research disciplines. These "scientist-educators" Include physicists working in 
science museums, mathematiaans working with national television shows, and computer 
scientists studying teaching and learning using the most advanced ideas of cognitive 
science and artificial Intelligence. Many of the staff at SEE belong to this cate- 
goty of professional. NSF has been instrumental in stimulating the emergence of this 
type of person; the Foundation could foster the development of scientist-educators 
more extensively and develop avenues for their skills to be used to a maximum degree. 

Although no one e^^ects or even most, scientists to be strongly Interested 
in K-12 science education, our Intervjews suggest that a small proportion of the 
scientific community (^Ically young scientists with children in the schools and 
scientists toward the end of their careers) have a very strong interest in contrib- 
uting to, and being Involved In, education. TTiese Indmduals enjoy the intellectual 
rigor of science, but they want to use their intellectual skills to study and solve 
educational problems, rather than in a laboratoiy. Th&y like to work with people and 
are interested In transmitting the culture and understanding of science to others. 

One scientist described why he became Involved in education: 

"I do it for myielf.... It is a peat intellectuftl AaUenge for lae to put the 
important ideas of science clearly-with the same conceptual density--but using 
popular language.... So essentially I do it to ftilfill my&eU, just like some- 
body else plays basketball. After aU, man can not live by science alone...." 

Each of the following initiatives describes programs that would support science- 
trained professionals to develop their own skills in education and to serve in an 
educational teaching, research, or leadership position. Each initiative focuses on 
the community that NSF knows best-the scientific community in academe and private 
Industiy. 

Graduate'level programs andfeUowsMps-NSF could support programs that 
provide graduate-level research and development opportunities for students in science 
and engineering who wish to pursue an educational Interest rather than a research 
one. Hie Berkeley Search for Excellence in Science and Mathematics Education 
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program (SESAME) is one model of how a science-based program in education can 
yield high-quality graduates who have credibility in both the scientific and 
education communities. SESAME graduates have played effective roles in 
science education, both In and out of the schools. By heavily supporting a few 
high-quality graduate programs, NSF could help to create a new and needed cadre 
of nationd leaders in science education. 

NSF could also provide graduate fellowships for students who wish to pursue 
combmed science and educational research. Hiis would require additional funds if 
the current number of science graduate fellows is to be maintained. TTie rationale 
for supporting such fellowships seems strong. In addition to providing smdents with 
support, the allocation of graduate fellowships to encourage science-oriented 
students to pursue educational issues would begin to shift the overall reward struc- 
ture and provide some incentives on the education side. TTie symbolic value of such 
fello^\^hips might be as important as the fellowships themselves. If NSF is serious 
about its educational mission, graduate fellowships are an easy way to demonstrate 
Its commitment. Finally, by supporting promising graduate students (and thereby 
faculty) to do education research, NSF would both create leaders in science education 
and cultivate science education activity within science departments. 

An investment of $6 million to $7 million over a S-year period would support the 
creation of four graduate programs (at $250,000 per year), as well as 20 to 40 fellow- 
ships (e.g., offering $10,000 per year for 2 to 3 years). Collectively, these invest- 
ments would support 15 to 25 graduates annudly, starting in several years' time. 

Supporting the work of professional societies in encouraging educational mtivities 
withm their memberships-mV could work in collaboration with, and ftirther support 
programs of, the professional societies that aun at fostering scientist-educators. 
The AAAS Education Fellows program, for example, aims at giving a young scientist 
an mtense experience m an educational domsun. NSF may wish to discover such 
programs and search for ways to extend them or broaden their impact. ITiere are also 
examples of internships within informal science institutions that make natural arenas 
for the mvolvement of scientists in educational projects (Semper et al, 1982) All 
such programs provide avenues for interested scientists to work and develop their 
skills m the education arena. Other mechanisms that NSF may wish to consider are 
year-long sabbaticals, conferences, and seminar programs. 

_Emphasis might be placed on professional societies' extending a formal "invita- 
tion" to potentially interested members. Our interviews with scientists who were 
engaged m actiwties relevant to K-12 education underscored the importance of having 
an avenue ^d mvitation for scientists to participate in education. One scientist 
wrote a monthly column in a magazine because he was asked to. Another did a televi- 
sion show because he was approached by the producer. Another was at an elementary 
science conference because of an invitation. NSF could do much to foster the partici- 
pation of science-trained professionals by supporting groups that provided these 
scientists with mvitations to participate in appropriate roles. 
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Four to seven grants per year over 5 years (at $150,000 per grant on average) 
would enable most of the major scientific societies to offer a variety of ways to par- 
ticipate in science education, along the lines just described. TTiis kind of invest- 
ment would total $3 million to $5 million over 5 years. 



Initiatives for Improving the Networks within 
the Science Education Community 

Even apart flrom the scientiflc community (with which it is most familiar), NSF 
(SEE) has excellent opportunities to develop networks within the science education 
community, starting with its own grantees. We have identifled three particularly 
promising initiatives^ 

Thematic^fy organized principal investigatofs' meetings-When SEE occa- 
sionally organizes meetings of principal investigators, the common element is that 
all the projects represented we fiinded by a pwticular SEE program. Tliere is a 
natural diversity of projects (in most cases) vrfthin a framework or activity (e.g., 
instructional materids development) that is common to all. TTiis combination of 
similarities and differences can make meetings of principal investigators lively and 
profitable. 

'Riere are times, however, when it would be more profitable for such meetings to 
cut across propam Imes. For example, to focus attention on the status of teacher 
education (e.g.^ current practices, recommendations for change, barriers to change, 
etc.), SEE might want to involve researchers, people involved in materials develop- 
ment for teacher education, practitioners, md others. Principe investigators 
worldng on SEE projects in each of these areas would provide complementaty perspec- 
tives, m^dng the meeting a richer one thM if only one perspective were available. 
It might be advisable in some cases to invite addition^ e^ertise from outside the 
group of SEE principal investigators to medce such a meeting as useful as possible- 
useftil, that is, to the principal investigators, to SEE, and to the science education 
community as a whole. 

Within a progrMn, ttiematically-organized principal investigators* meetings could 
be orgaruzed more puiposively, to get beyond the natural tendency for these meetings 
to lapse into "show-Mid-tell" sessions. SEE has bepin to e^eriment wth meetings of 
this sort in severd^ propmns; more could be done, wth more ambitious agendas 
related to important strategic plmming issues confronting NSF, 

Much of the cost of such meetings could come from the principal Investigators' 
owipMits: travel, lodging, subsistence, etc. flliese, in turn, would ultimately be 
borne by SEE*s budget.) Some additional ej^enses, such as the cost of facilities, 
would be separate costs to SEE. In all, to support 8 to 10 meetings per year, at a 
cost of approximately $200,000 per meeting, would take $8 million to $10 million over 
5 years. 
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Telecommunicatiom networks for principal investigators-A related possibility 
for increasing the exchange of ideas within the science education communitt^ is to 
link pnncipal mvestigators electronically, rather than through face-to-face meet- 
ings A stipulation of the awards (and thus a small piece of each project's budget) 
could be that aU project directors participate in a telecommumcations network 
throughout the duration of their grants. The network might feature topical bulletin 
boards, electromc forums, or other means to link project directors with similar 
interests. (The Fund for Improvement of Postsecondaiy Education at the U S 
Department of Education has successfully e;q)erimented with such a network^) 

TTiese networks could be made up of principal investigators from a specified 
program, from clusters of programs within a division, or from SEE as a whole Peoole 
who are not pnncipal investigators might also be included. For example, after an 
award expues, pnncipal investigators might be permitted to stay on the network at 
their own ej^ense. ^ v 

«inn]Sn °' Operating such a network are now quite low. At an estimated 
3> 1UU,UU0 per year, the cost over 5 years would be $0.5 million. 

in»r^P^^^T'^^^^^ ^er Mosalc-nie Foundation cunently publishes a 
jouraa^ Mosaic, t^hrough which it can distribute infonnation about developments in 
scientific research. TTie periodical includes sections on grants in progressf 
n?!sf 1 ^f^^^l^-^ oiiamzed 1^ theme; or sometimes an entire £ue isdevoted 
to a single topic. (Occasionally, articles deal with education-related matters ) 
Mojaic is published four tunes per year. 

{n„r.^^ ? education community would benefit from the creation of a similar 
jommal devoted exclusively to education in science, mathematics, and technoloBr 
Grwits (and contracts) m progress would be one focal point of interest, concen. 

fF' exclusively so. Issues devoted to a single 

topic (e.g element^ school hfe science, or school-museum partnerships) would 
also be of interest. T^e journal would help to open up communication Long differem 

^^^^'"^^"^''"^^ ^-^^'^ ^« di&rent discjh^ 
at different levels, or m different institutions, such as schools and television 

fh. from subscriptions for a pubUcation such as this is not likely to cover 

m m costs NSF would need to cover the balance of the costs, estimated at $1.5 



Initiatives Aimed at More Effective Mechanisms 
for Archivirtg and Dissemination 

Nr^F?!f "^"^^ ^ -^^^ "^^^^ what doesn't work in this area, 

NSF has some attractive options before it that imply a fairly immediate Impact on the 
current system, if successftU. TTiis is not an area of opportunity requiring lone- 
tenn mvestigation or e^erimentation, even though there are sigm^ficant unresolved 
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questions about the most effective way to accomplish the long-term goal, especially 
regarding demand for disseminated information. Also, the options are more focused 
than in some oilier areas because the nature of the task can be specified concretely; 
there is little to gain by opening up the area to diverse, field-initiated solutions. 

We discuss below three initiatives in this area, each of which provides NSF with 
sigmflcant avenues for improving the situation. 

National/regional science and mathematics education materials exchange-NSF 
might establish a sophisticated Mchiving and dissemination capability, based in a 
single central location or in a small number of regional centers, to provide a highly 
i^sible and widely recognized means for users to locate information about science/ 
mathematics education materials, practices, or research. TTiis may be thought of as 
an elaboration of NSFs existing plans to establish a clearinghouse. A key feature 
of the exchange would be a capacity to review materials and inteipret their appro- 
priateness to different kinds of instructional situations, llie exchange might also 
publicize selected materials the way that the ERIC system occasionally highlights the 
year's best research work regarding "hot topics." 

Some thought would need to be given to the desirability of a single location 
versus multiple locations. TTie nature of the interface between this capability and 
existing clearinghouses would also have to be carefully thought out. It would not be 
advisable to have such a facility duplicate what has already been done; rather, NSFs 
resources should concentrate on the more difficult problem of selecting the best from 
among the array of resources, coordinating what ah-eady exists, finding creative ways 
to make it more available and visible to a mass audience. 

NSF would not necessarily need or want to be the sole supporter of this enter- 
prise, although it would be reasonable for it to support some portion of the oper- 
ating ejqjenses of such a system on a long-term basis. TTie most important NSF con- 
tnbution would probably be in getting the work under way. 

Several factors make this a timely initiative to pursue at the present time. 
First, foUowing its hiatus in the early 1980s, NSF is once again supporting research 
and development in science education. In the 3 years following the reinstatement of 
SEE approximately 100 development projects have been supported that aim at school- 
based science or mathematics education; about half that mpjiy were supported in 
research; a somewhat small number of developmental projects in informal education 
settings have also received NSF funding. Before it supports many additional instruc- 
tional matenals development efforts, this is an opportune time for NSF to set up 
mechanisms to make results of aU the projects available for wide distribution. The 
mechamsms would be far more effective it' they included (or, at least reviewed) as 
many mstnictional materials as possible, because NSF-supported materials are only a 
small part of the total universe of available materials and practices. 

TTiis initiative is also timely because technologies have recently become avail- 
able that make the storage, retrieve, and distribution of masses of information by 
thousands of people technically more feasible. In particular, various forms of 
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electronic storage and communication make it possible to handle, distribute, and 
search large data bases, such as an entire encyclopedia, in seconds. Video tech- 
nolog^ (e.g., videodisc) adds an important visual dimension: both materials that are 
not in a print medium (e.g., kits, laboratoiy setups, computer software) and their 
application in different classroom environments can be efficiently documented, 
displayed, and accessed through currently available technology (e.g., CD-ROM). 

Indeed, experiments have begun in science education that partly demonstrate the 
potential of an archival system or systems. For example: 

■ TTie Carnegie Foundation is supporting an elementary science archiving project 
focusing on cumculum materials produced in past years with NSF support. 
Large amounts of data are being stored on CD-ROM discs, for easy retrieval. 

a The Educational Product Information Exchange's (EPIE's) elementary mathe- 
matics curriculum alignment data base will help teachers, school boards, or 
others to locate appropriate textbooks, software, or other instructional 
materials that match specific teaching objectives for any grade level (EPIB 
1986). EPIE caUs its system niR, for Integrated Instructional Information' 
Resource. Copies of the instructional materials themselves are not available 
through IHR (which can be used either on-line or via a paper copy of the 
data base.) 

TTiis may be the time for NSF to support demonstrations of the larger potential sug- 
gested by these projects. Relatively inexpensive technologies have made it possible 
to provide services now that were far too e^^ensive to provide in the past. 

Support for the individual ERIC clearinghouses averages several hundred thousand 
dollws annually. Because of the start-up costs and use of a new technolow (new for 
this puipose), $1.5 million to $2 million a year over a S-year period may be needed 
to support this materials exchange (for a total of $7.5 million to $10 million) 
Efforts could be made to phase in fimding from other long-term partners (e e 
scientific societies, NSTA). \ > 

TOs initiative provides both good prospects for coUaborative involvement of 
other organizations and a key role for scientists, mathematicians, and engineers (in 
rewewng materials). Further, it provides widespread access to a variety of mate- 
nals, Md many of the elements of a ftmctioning system are already in place or are 
bemg developed. 

In addressing this opportunity area, NSF's greatest risks are two: NSF will 
discover that the system it contemplates is impractical or excessively costly or NSF 
will create such a system but it will not be extensively used. In either case NSF 
would fail to achieve its ultimate goal of enhancing the use of knowledge and mat 
nals for science education developed by NSF or others. Other key disadvantage 
mclude the difficulty of avoiding controversial Judgments about quality of the 
materials, if they are reviewed; and, of course, the effectiveness of dissemination 
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as an improvement strategy is inherently limited by the capabilities of users (e.g., 
teachers and teacher educators). 

Commisswned reviews ofadsting materials and research--At relatively little 
cost, NSF might sponsor a series of reviews of (1) the materi^s available in all 
areas of the science and mathematics curriculum, with emphasis on developing scien- 
tific and pedagogical profiles of the materials; and (2) syntheses of the existing 
research literature, Inteipreted for different audiences, notably publishers/ 
developers, teachers, support staff (e.g., district-level science specialists), and 
teacher educatore. NSF (or a grantee) would commission recognized authorities In 
the field to prepwe the reviews. Some efforts might be made to get provocative or 
contrasting reviews to shaken thinldng about the items being reviewed and to 
guard against accusations of one-sided judgment. An alternative strategy would be 
routinely to use multiple researchers in a kind of survey approach. 

Some of this kind of activity happens already under the auspices of professional 
societies. TTie National Science Teachers Association, for example, puts out an 
annual synthesis volume called Wftat ^search S^s... for its membership, and, for 
a time, the Northwest Regional Laboratoiy reviewed Instructional computer software. 
Other examples have been cited above. 

T^^ically, when items are reviewed In periodicals, the reviewer receives no 
payment for his or her work. Such an arrangement might be possible for the reviews 
contemplated here, but It would not necessarily be advisable. If costs were $100 to 
$200 per item, to cover the hours of work involved in a review, $100,000 to $200,000 
would cover the costs of reviewing 1,000 items. Hence, this Initiative would be 
relatively low in cost. 

In addition to its low cost, a strength of this initiative Is that, by making 
reviews available. It would meet important needs. A large number of scientists, 
mathematicians, engineers, and teachers could be involved as reviewers, strengthening 
the ties between the science community and elementaiy/secondaiy education. 

Disadvantages Include the potential difficulties involved in having NSF asso- 
dated mth reviews that assess materials produced by third parties. Regardless of 
the purity of the motive, strong feehngs we not uncommon reactions to reading 
reviews. 

Based on the costs shown above, this initiative would requke about $0.5 million 
to $ 1 million over a 5-year period. 

Research on demand and usage-The mechanisms for supplying Information implied 
by the preceding options will be effective only to the extent that there is a strong 
and continuing demand among teachers, researchers, developers, and others for the 
kind of information to be disseminated. TTie nature of "market demand" for this 
information is not well understood. NSF could support studies to uncover the nature 
of demand for the information that might be disseminated and to understand what makes 
users aware of the information, capable of requesting it, and motivated to seek 
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further information about materials, practices, etc. Price sensitivity might also be 
e;q)lofed. 

A tarpt«t J pvogram of research on these and related topics might cost $600,000 
to $800,000 amsufllly. Synthesizing what is already known would be an important place 
to begin. For example, in recent years there has been extensive research on "tele- 
text" and "videotex" information services for the general pubUc, leading, for 
example, to better understanding of the demand for information in relation to its 
cost. 

Advantages of this initiative include its relatively low cost and the fact that 
additional investments would be informed by research. Existing clearinghouses (e.g., 
ERIC) or research-based materials (such as synthesis volumes) might be improved ' 
using information from such a research prop-am. 

Disadvantages of the initiative are that poliqmakers may wait for results from 
research indefinitely before implementing other initiatives designed to make research 
results, best practices, and information about instructional materials more acces- 
sible. Also, resewch of this nature is not simple, especially to the extent that it 
asks people about products or services with which they are not familiar. 

Based on the costs above, we estimate that $3 million to $5 million would be 
needed for this initiative over 5 years. 

EstabHshing a usable, NSF-based library of project results-EsLch project funded 
by SEE is potentially one from which the science education community could learn. 
But the potential is not always realized. In most cases, dissemination is left up to 
the princip^ investigators, with very mixed results. Even simple descriptive infor- 
mation about the projects fimded has, at times, been difficult to obtain. Of equal 
or greater concern is the ability to access, in a reliable way, products of the 
projects, such as final reports, instructional materials, videotapes, etc. TTie lack 
of more satisfactoiy solutions In this area is perceived by many outside the 
Foundation as a weakness in NSPs science education effort. Thus, attacking this 
problem head-on constitutes an important opportunity for the Foundation. 

No single solution wiU address each of these problems. However, the simplest 
solution, conceptually, to the problem of documenting and archiving SEE projects is 
for the NSF to establish and maintain a library that would handle progress reports 
fln^ reports, evaluation records, and, to the extent possible, products produced ' 
with SEE support, such as instructional materials and computer programs. 

To maintain such a librae would require a full-time Ubrarian, as well as space 
and assistance from other SEE staff. To cover the costs of space, salary, materials 
commumcations, and other items (e.g., experimentation with the use of CD-ROMfor 
storage and sewching), we estimate that $250,000 per year would be required for a 
5-year cost of $1.25 million. n , 
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BUILDING THE BASE OF INFORMATION 
AND KNOWLEDGE ABOUT SCIENCE EDUCATION 



Supporting the search for tonowledgc about science and mathematics education ht 
always been held among NSFs educational responsibilities and functions. From its 
inception, NSPs mandate to "strengthen science education programs at all levels" has 
included specific authorization to support research on science education; a recent 
restatement of the Foundation's mandate includes: 

Research on metbods of mstruction and educational programs in mathematics, 
science, and enpneering...and such studies may include (1) teaching and 
learning resear^...and its appUcatlou to...instnictional materials development 
and to improved teacher training propams; (2) research on the use of local and 
informal sdence education activities' (3) research on recruitment, retention, 
and Improvement of facul^, and (4) analysis of materials and methods...used in 
other countries and their potential application in the United States. 
(42U.S.C.,1986) 

At earlier stages in NSFs history, this mandate has been asserted as well. For 
example, when other programs were to be transferred to the newly formed U.S. Depart 
ment of Education under the organizing act for that body (20 U.S.C. 3444), the "con- 
duct of basic and applied research and development applied to science learning at all 
educational levels and the dissemination of results concerning such research and 
development" were among the few ftmctions specifically excluded from the transfer, 
spedfying it as central to NSF's educational role. 



The Knowledge Base in Science Education and NSF's Role 

As in any area of professional endeavor, science education is informed by an 
accumulating body of information and knowledge about the goals and methods of 
practice, the state of the field, and the results of efforts to improve it. What is 
known about science education specifically adjoins the wider bodies of knowledge 
developed by educational reset^chers, developmental or cognitive psychologists, and 
others trained in the social sciences. 

NSF has played a centrd role in establishing the science education knowledge 
base as a distinct stream of inquity within this broader intellectual tradition. In 
fact, NSPs commitment of a significant level of resources to this puipose over the 
last decade probably has been one of the most critical forces in the development of 
the science education knowledge base. TTiis fact, combined with the absence of com- 
parable institutions as either a source of support or a focus of intellectual energy, 
underUes the essential ongoing role that the Foundation must play in this area. 
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Types of Information and Knowledge Building in Science Education 



NSF m6 the science education community as a whole need to engage in three 
generic kinds of learning on a continuing basis: about the science learning process 
itself, about the state of the field, and about the results of NSF's interventions. 

Investigating science learning and learning environments-There is a need to 
examine the processes of science education at the level of the individual learner, 
teacher, classroom, or other setting for learning. Any attempt to educate young 
people in science or mathematics rests on assumptions, often unexamined, about the 
learner, the learning process, and the environment for learning. How, for example, 
do learners construct a picture of the physical world? What motivates them to change ' 
it? How does the answer differ for contrasting ^es of learners (boys vs. girls, 
bright vs. average students, etc.) or for different subject disciplines (mathematics 
vs. life sciences, chemistry vs. earth science)? What kinds of instructional set- 
tmgs evoke the greatest mterest among learners? A decade of investigations have 
advanced our imderstanding of these kinds of issues. But in the course of developing 
that understanding, new questions have naturally arisen. 



Leaming about science education ^sterns . Science education systems as a 
whole have a djmamic of their own. Here, too, are important, enduring questions that 
must be answered, regarding such topics as the status of student performance in aggre- 
gate, the nature of the teaching force, the interaction of systemic forces that in- 
hibit or enhance student opportunities to learn science, and so on. TTiese questions 
need to be answered mth respect to either formal educational systems (public school 
districts, private schools, state education polity systems) or informal systems 
(educational media, institutions such as science museums), or both. Questions 
arising at the national level-e.g., regarding the incentives encouraging entrance 
into mathematics teaching or the aggregate effect of state reform initiatives-are 
especially appropriate to NSF-supported inquiry. But so, too, are investigations at 
any level that promise to advance general understanding of educational system 
fonctlonmg. How do schools create and sustain effective environments for leaming? 
How do institutions vrithin a region or state interact to support the efforts of 
elementary teachers to introduce science into their classrooms? How does the 
presence of a science museum alter the patterns of recreational science activity in a 
city? Tliese and similar questions invite inquiry. 

Documenting and evaluating the results qfinterventiom (and policies) designed 
to affect the ^stem-NSF and others attempting to Improve science education are 
engaged in a continual process of trying to reshape science education systems so that 
they operate better. What are the results of these efforts? Are these interventions 
carried out as planned (and if not, what do they look like)? How do interventions in 
one part of the system (e.g., the creation of magnet schools for science and mathe- 
matics instruction) influence other parts of the system (e.g., science enrollments in 
non-magnet schools), either by design or happenstance? TTiese kinds of questions beg 
to be answered, even though they are extremely difficult to stady and resist conclu- 
sive findings, 

1-28 



47 

o 

ERIC 



The general development of educational and social science research methods over 
the last decade provides increasingly powerful intellectual tools for addressing 
these questions. TTie resewch community has moved well beyond the once dominant 
paradigm of controlled ejqjerimental studies; now questions about science learners and 
lewTung environments are answered through longitudinal studies, surveys, anthropo- 
logical investigations, quantitative observational methods, and other approaches. 

Scholars draw on an equally broad range of techniques to learn about education 
systems, including descriptive research, longitudinal investigations, ej^lanatoty 
studies, and other forms of investigation drawing on numerous research traditions. 

Investigations aimed at this sort of question take many forms, too, from small- 
scale descriptive accounts of the way a particular technology or classroom method is 
implemented to national or international assessments of student progress, from evalua- 
tsons of innovative approaches to training to examinations of poliw reforms and 
their effects. 



Purposes for Building the Base of Information and Knowledge 

NSF's support for knowledge building in science education can accomplish several 
broad pu^oses: advance the state of the art, understand more clearly the realities 
of current educational practice, and find strategies for closing the gap between the 
state of the art and the state of practice. 

Advancing the state of the wt-Given its historical success in supporting 
innovation in the sciences and engmeering, it is not surprising that NSF has always 
provided fimding for forward-looking projects that seek to advance the state of the 
art of K-12 science education. In supporting collaborations of talented researchers 
workmg in the natural sciences, social sciences, technologies, and education, NSF 
has helped to advance the understandmg of the processes of learning science as well 
as generate new instructional possibilities. 

Some science education researchers we interviewed have argued that K-12 science 
KfcW**^ * - -° ^^^P^y embedded in larger complex social and economic systems that 
NSFs efforts at fostering incremental change are wasted-that is, the system is so 
overconstrained that we find ourselves m a "gridlock" situation. In this state of 
educational gridlock, they argue, efforts to improve curriculum or train teachers 
wm be frustrated by forces from other parts of the system (e.g., unions, testing 
practices, publishers, administrators). TOs pessimistic assessment drives some 
scholars to conclude that NSF's best investments lie In long-term efforts that 
eylore radically new alternatives and ej^eriment with bold innovations. A physics 
educator and cognitive scientist commented: 

"I am very pessimistic about improvements without radical changes.... I just 
don't see...short-term direct solutions doing much. But what if a smart team of 
basic researdiers came up with a computer tutor desired to work with a class 
and an unskilled teacher, and helped them all to learn physics? I don't know 
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what ttie effeets of that would be, but I think the short-term prospects look 
suffldently bleak that some investment in longer-term^ more radical solutions 
is essential.** 

Even if ona does not accept the gridlock premise, there are still good reasons 
for NSF to invest in basic research and in highly innovative instructional approaches. 
High-risk, high-gain experiments draw on NSF*s unique strengths (e.g., its connec* 
tions with the research disciplines in the academic community) in a natural way. 
Treating education as worthy of Ae most basic kinds of research will attract a 
number of NSPs constituencies (e,g,, those working in educational technoloa', 
natural and cognitive sdentists) that othenvise would not be interested in educa- 
tional pursuits, as a cognitive scientist we interviewed observed: 

"No ona can foresee the ^ture, but if SEE were to decide that science education 
does NOT indude the sdenee of eduction, it cuts off the chance that some 
really influential discoveries mi^t be made. It also pushes away smart 
researchers who mi^t turn their a^fpertise to educational research^ but probably 
not to educational developmant or application." 

Over the long term, the work of basic researchers and innovative developers may 
yield powei^l ideas that provide NSF large returns on its investment in terms of 
their "intellectual leverage" over the practices of K42 science education. For example, 
developing appropriate uses for the new technologies, reconceptualizing the way we 
think about die content (knowledge, attitudes, and skills) of what should be taught 
and learned, and gaining insight into the processes of learning science and mathe- 
matics (and into the formation and function of attitudes toward science) are all 
acti\dties that have large potential for mfluencing K-12 science education. More 
speciflcally, in tenns of helping to develop a broader pool of interested young 
science learners, a range of basic resewch efforts may help us to understand how 
science/mathematics leanung occurs for a vrfder spectrum of students, to loiow better 
how to serve this ftiU range of students, and even to imderstand more fiilly why there 
is such a discrepanQr between knowledge and practice-between what we know to do and 
what we actually do. 

Also, in temis of advancing the state of the art, probably NSF alone has the 
ability to bring together the cross-disciplinary combinations of talent required to 
ej^lore innovative, creative, and revolutionary ideas. NSF is, in fact, unusual 
among government agencies in ha^ng the latitude of mission and the magnitude of 
discretionaiy resources to ejq)lore intellectual terrain that in all probability would 
not be e>^lored by myone else. One researcher put the matter succinctly: 

"If NSF is not experimenting with ideas that wU come into practica 10 years 
from now, who ebe will do it?" 

Understanding current educational practice md ^stems--ln addition to exploring 
and inventing 'Svhat might be" in science education, NSF can support basic 
research, nationd status studies, and evaluative studies that seek to understand 
better the 'Svhat is." Itat is, NSF can support work that furthers the understanding 
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of the important elements of the complex K-12 educational system and how they inter- 
act. How well NSF understands the status of science education in the current educa- 
tional system and the nature of current educational practices will determine, in 
part, how effective its change-oriented initiatives can be. 

NSF and others in the science education community need ongoing access to 
information that provides a picture of science education as it is actually happening, 
both in and out of the schools. TTie "actual" curriculum that exists at the point of 
instruction may be quite different from the "ideal" curriculum that exists in the 
state and district syllabi (Shavelson et al., 1986). Natural histories and case 
studies can help to portray more accurately what is actually happening in the 
schools, the skills and needs of teachers, and the barriers to change and how they 
can be overcome. National-level surveys (e.g., Weiss, 1986) can paint a broader- 
brush picture of the status and condition of science education in the nation and 
provide some sense of the representativeness of problems and issues. International 
studies (e.g., Alles and Rushing, 1986- Stevenson et al., 1986; McKnight et al., 
1987) c^ provide an important outside perspective that illuminates in a unique way 
the overall health of science education in the country. Studies aimed at shedding 
light on particulw issues (the relationship between testing and curriculum, for 
example) can help provide insight into critical relationships that exist between 
different parts of the educational system. Finally, polity studies (such as this 
one) can help NSF uid others not only identify needs and problems in science educa- 
tion but also study in more detail the initiatives and mechanisms most likely to pay 
off in addressing them. 

Closing the gap between practice andpotential-Gtound-hreaMng research and 
snidies of current practice are not enough, however. NSF also must understand the 
discrepancy between what is possible and what is actually happening and seek effec- 
tive strategies for intervention that can bring the two closer together. 

Pwt of this understanding is accomplished by examining interventions wmed at 
impro\ing the system to determine how successful they are, or other forms of evalua- 
tive inquiry (e.g., research that tests the assumptions on which interventions are 
based). But part happens through the effort to translate and interpret what is 
learned from research and evaluation into terms on which the science education com- 
munity can act. A major synthesis of needs in science education put the matter this 
way: 

A challenge which needs immediate attention is [finding] a means for translating 
new researci flndinp into programs for affecting practice; a prof^^^ 
have a philosophical basis, a research base, a means for change to occur based 
on new informatioa. Separation of researcher from practitioner is a major 
problem in science education: aU facets of the profession must work in concert 
for major progress to occur.... (Harms and Yager, 1981) 

Through support for networks, collaborative arrangements, partnerships, conferences 
interdisciplinaty centers, and other mechanisms, NSF can support efforts that aim 
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primarily at engineering the application of research to practice. Such application 
of research findings, if done in ways that are both effective and practical on a 
large scale, can close the gap between the level of practice in the field and the 
state-of-the-art possibilities generated by high-quality research. 



WftyNSF? 

The rationale for NSF to support research and evaluation as an ongoing function 
independent of specific opportunities has several undeipinnlngs. First, knowledge 
generation of the sort we have described is critical to guiding NSF's own efforts as 
well as supporting the field in an important md ftindamental way. TTie Ideas and 
intellectual activity that derive from high-quality research can enrich and sharpen 
the Foundation's education initiatives at all levels. If NSF is to take a proactive 
role and pursue strategic goals, it needs an ongoing capacity for gathering intelli- 
gence about the field it is trying to mfluence. A research and evaluation program 
can also provide early warning signals that NSF initiatives need to be modified, and 
It can suggest new arenas for ftiture initiatives. Thus, without being a major 
e3q)ense, a focused research program can contribute to an intellectual underpinning 
and rationale for the Foundation's investments in science education. 

Second, NSF has strengths that give it a comparative advantage in doing such 
work vis-a-vis other public and private agencies. One is that it already is spon- 
soring most of the major ej^eriments in science education through its programs in 
infonnal science education, materids development, teacher education, etc. Research 
can be designed that complements these projects- in effect, nearly all NSF-supported 
projects can be ei^jloited as an opportunity to learn about science education and ways 
to improve it. Another advantage is the sheer level of discretionary resources that 
NSF can muster. Its aggregate ftinding for K-12 science education last year exceeded 
the combined fimding of all major private foundations in this area. 

A thu-d advantage is that the Foundation as a whole is oriented toward research 
and knowledge generation: it is closely connected with academia and with the larger 
scientific research community. SEE, particularly, is well connected vdth those who 
are knowledgeable about, md sympathetic to, the subtle and significant Issues of 
science education research. These connections make NSF uniquely capable of identi- 
fying productive avenues of inqui^ in science education, as well as the individuals 
most able to csjncy out this inquiiy. 

Fourth, the widely recognized need for an interdisciplinary approach in 
addressing the problems and opportunities in science education makes NSF an even 
more logical candidate to lead research and evaluation efforts on a national level 
Over the years, tiiere has been a growing recognition of the need to address problems 
m science education in a holistic and systematic way. Fragmented research 
approaches generaUy faU to bring about an understanding of how to make systemic 
changes: ^ - 
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Some domains of mquiry fit less well into the discipUaaiy structure than 
others. One domain that fits badly is research on mathematics, science, and 
tedmoloB? education. Understanding and improving education in science requires 
three distinct kinds of knowledge: first, the structures and processes of the 
subjects to Ije tau^t- second, the fundamental,. .process involved In learning 
these subjects^ and third, the contexts in which teaching and learning take 
place-the wide range of formal and informal instructional ejfperiences that are, 
in turn, embedded in contexts of interacting social and political institutions 
and norms.... (March et al., 1987) 

As a foundation intellectually centered in the field, NSF is ideally suited to serve 
as a coordinator of information and to facilitate its flow between the diverse groups 
involved in science education (as noted earHer in this volume in discussing the 
promotion of networks within the professional conununity). Like other foundations, 

[NSF] occupies a central position in the intricate web of personal and insti- 
tutional influences that ^ves it a power that less stratepcaUy located insti- 
tutions do not have. Its actiwties bring it into regular contact with indi- 
wduals from academia, science.... It is a marketplace and nodal point for the 
exchange of information about trends, problems and emerpng ideas,,.. Its 
resources are maneuverable.... It can affect the character of other institu- 
tions and whole fields of research.... Most important of aU, it can assemble 
the specialized competencies needed to deal Mwth major and complex issues. 
(Nielsen, 1985) 

The absence of adequate investment (by NSF) in knowledge-generation could 
fijrther entrench the status quo and, at the very least, would waste many oppor- 
tunities for learning from NSFs own projects. In addition, it would deprive the 
science education community of its major source of funds for self-examination and 
future ej^loration. As one SEE program officer put it, "Research is certainly one of 
SEE'S core functions. Without the research function, SEE would be like an organism 
without a cortex." 



NSF's Past and Present Investnients In Building 
Knowledge About Science Education 

Although research is the paramount activity of the other NSF directorates, it 
has not received equivalent emphasis or status within SEE. Before 1978, there was no 
identifiable program of basic and applied research in the Science Education Direc- 
torate; however, some research was done in the context of the large curriculum 
development projects. Mostly performed by doctoral students under the supervision of 
the scientists carrying out the curriculum projects, this early research pursued ques- 
tions that arose in connection with the projects and was mostly hidden from view. 
NSF did not have the programmatic means, however, to examine the important 
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part, that the professional community and the conunercial marketplace would "evaluate" 
the results of NSF support, such as the products of curriculum development ftinding. 
Nonetheless, a fm studies were done of particular investments through the Problem 
Assessment and ^>erimental Projects program (in 1974-76); a few large-scale retro- 
spective reviews of NSF's effects were also undertaken, such as the "Piatt report," 
which communicated a shift in NSPs strategy for ftinding curriculum and course 
improvement (NSF, 1970) and a comprehensive evaluative review (NSF, 1975) of the 
Foundation's investments in response to congressional concerns raised by "Man- A 
Course of Study" (MACOS). 



Establishing Research and Evaluation in the Late 1970s 

With the establishment of ihe Research in Science Education (RISE) program in 
1978, a long-terra effort was begun to build a research infrastructure and a community 
of people in different disciplines working on related educational problems. In some 
respects, the program attempted to couple research and development by treating devel- 
opment projects fimded under the Development in Science Education (DISE) program as 
a natural laboratory; at the same time, most of the projects supported by DISE had no 
formal research component. Attempts were made to couple research with development ir 
other ways; for example, a joint program with the National Institute of Education 
(NIE) attempted to integrate the perspectives of cognitive researchers, many of whom 
had no particular focus on science, with those of science product developers. 

Tie ideal of close and ^gorous interaction between development and research was 
not fully achieved in the RISE and DISE programs. Tliere also were no subsequent 
efforts to synthesize the individual research projects that were carried out under 
these programs, nor were there mechanisms for making relevant research findings avail- 
able to those proposing and planning development or teacher enhancement programs. 

The RISE program encountered other persistent difficulties: 

■ ITie program was "swamped" with proposals for psychological studies focusing 
on the study of general learning processes, with the science education appli- 
cations being relatively peripheral. 

■ Efforts to disseminate research findings widely never got off the ground. 
Although often interdisciplinaty, the existing avenues-journals, confer- 
ences, etc.-rarely reached the ftill community of groups involved in science 
education. NSPs own efforts to archive and disseminate research findings 
were not extensive. 



■ Research in mathematics and science education was generally perceived to 
be less rigorous (and of lower quality) than research sponsored In the scien- 
tific directorates. 

An overarching stratesr to coordinate and focus the research effort over the 
long tenn was largely absent. Infrastructure building, growth in conceptual tools, 
and the development of research skills take time. The disestablishment of SEE 
3 years erfter the start-up of the RISE program put an end to any sustained research 
progratn that might have been developing. 

Alongside the estabUshment of RISE, NSF undertook other forms of knowledge 
building during the latter part of the 1970s, chiefly through the activities of the Office 
of Program Integration (OPI). Formed in 1976 mth a mandate to gather data on 
science education and conduct internal evaluative reviews of various kinds, OPI 
earned out a diverse series of activities, among them: 

■ Annual compilations of statistics relevant to science education, published as 
"databooks," which were used internally by SEE staff and distributed 
externally, as well (e.g., Buccino et al., 1982). 

■ A series of large-scale status studies, aimed at capturing the state of 
science education through a survey of science teachers (Weiss, 1978), a set 
of case studies of science education programs in action (Stake and Easley, 
1978), and a review of the science education literature (Helgeson et al., 
1977). ThQ results of these studies painted a comprehensive picture of K-12 
science education for the first time and became, thereafter, a basic refer- 
ence point throughout the science education community. 

■ Follow-up activities to these stams studies, e.g.. Project Synthesis (Harms 
and Yager, 1981), which sought to develop a statement of goals and direction 
for science education based on a synthesis of the status studies and NAEP 
data. 

■ Evaluative studies of various sorts that examined the implementation and 
effects of particular NSF investments. 

Although it accomplished a good deal in the years before it was disestabUshed 
in 1981, OPI's role and relationship to other programs in the Education Directorate 
remained a matter of controversy, in particular, with regard to its evaluative func- 
tion (was it to be a watchdog over program quality?) and its fiscal relationship (was 
it to undertake its activities by, in effect, "taxing" other programs' budgets?). 

SEE's Current Approaches to Research and Evaluation 

Following the reestabUshment of SEE in 1983, knowledge-building activities 
resumed once again, alongside other programs. Present (and projected) approaches to 
Imowledge building can be seen as an outgrowth, with modifications, of the pattern 
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established in the late 1970s. We review the nature of current mvestments in the 
three types of knowledge building below. 

Current investments in undemanding science learning and learning environments- 
SEE invests in the first of knowledge building primarily through two programs: 
Research in Teaching and Learning (RH.) and Applications in Advanced Technolos' 
(AAT). RTl. was set up to "support basic and applied research on significant factors 
that underlie effective teaching and learning of precoUege science and mathematics" 
(NSF, 1983). Especially encouraged were studies of how students learn and apply 
complex concepts, and of the factors that are most influential in governing their 
participation and performance in science and mathematics courses. 

The projects funded by this program in the last 3 years cover a wide range-for 
example^ several comparative international studies, applications of information- 
processing models to the learning of science concepts and problem solving, studies of 
teachers' cognition and belief systems, and longitudinal studies of factors affecting 
career choice and attitude formation. 

Recent grants have placed increased emphasis on studying factors that affect the 
quality of instruction and that determine the attitudes and participation of 
students. For example, present priorities include: 

■ Investigations of the relationship between teachers* knowledge and their per- 
formance in the classroom. 

■ Studies of the effects of direct personal ej^erience in learning science and 
how it affects later learning in the classroom. 

■ Examination of the beliefs and preconceptions of the young learner. 

These emphases reflect SEE's growing intent to have its research program generate 
knowledge that will support and guide the initiatives and priorities of the 
Directorate. 

The AAT program is devoted largely to the pu^ose of advancing the state of the 
art m instructional technolo^ (chiefly, the computer) for mathematics and science 
education: 

This program is concerned only with issues at the forefront of technolo^ 
applications to science and mathematics education. Projects should be 
innovative, have national impact potential, and utilize advanced applications in 
instruction made possible by advanced technolo^.... We seek to support 
innovative projects that will lay the research and conceptual foundation for new 
technolopes that will be available in the near term (S-IO years)...we seek not 
only to focus on current problems, but wish to support new innovations that will 
create new opportunities for learning and teaching in rapidly changing areas of 
science and technology. (NSF, 1987b) 
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The fiiture orientation of these investments is evident not only from program announce- 
ments but also from an analysis of projects funded. Investments in computers account 
for the bulk of SEE's support under the AAT program and, for the most part, are aimed 
at developing innovative instructional materials that take advantage of the computer 
as an interactive, visual medium. Most projects are e^erimental, combining develop- 
ment aad research. Projects that lead students to discover algorithms, learn estima- 
tion sldlls, develop geometric relationships, or even promote general problem-solving 
skills are all pushing the frontiers of educational technoloa'. 

Both of these programs represent an effective blend of open-ended support for 
the best researchers in the science education community and focused attempts to set 
up and sustain productive lines of research. In both cases, SEE staff have made 
active use of the professional community to define the agenda for ongoing invest- 
ments, for example, through an Invitational conference on research priorities (Linn, 
1986) or small-group consultation with an informal panel of experts on promising 
targets of R&D in advanced computer technology. Thus, although the two programs 
have not issued formal solicitations to target the use of their funds, they have 
devoted a substantial portion of their limited resources ($3.5 million for RTL and 
$5.2 million for AAT in FY 1987) to a few specific research topics, such as the 
development of authoring systems or the next generation of intelligent tutors. 

Current investments in leaming about science education ^stems-ln addition 
to its resem-ch investments just described, SEE has been pursuing over the last 
4 years a vigorous program of studies and other Investigations aimed at understanding 
science education systems, chiefly through the Studies and Analyses Program (SAP) 
within the Office of Studies and Program Assessment (OSPA), an organizational unit 
within SEE created at the same time as the Directorate in 1983. 

To date, SAP has concentrated on descriptive and analytic work that contributes 
to a better descriptive picture of the state of science education and its needs. To 
this end, the program has supported, fully or partially, a variety of investigations, 
including several international comparative studies, examinations of teacher supply 
and retention, analyses of the science education^ipeUne, and others. TTiis research 
has been usefiil both internally and externally. Hie program officer in charge of SAP 
prepares the "science education chapter" for NSF's annual volume Science Indicators 
(e.g., NSB, 1985) and draws heavily on the projects he supports (and on smaller-scale 
analytic work supported by purchase orders) for this puipose. At the same time, the 
science education community has treated SAP-supported studies as basic reference 
points regarding the state of the field. For example, the most recent Forum for 
School Science convened by the American Association for the AdvMcement of Science 
(AAAS), which addressed the state of curriculum development, featured SAP-supported 
analyses heavily in its compendium of background materials (AAAF, 1986). 

SAP has also contributed in several ways to extending the state of the art in 
this area of research through investments in the development of more advanced 
national monitoring systems for science and mathematics education and improved 
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assessment instruments (these are discussed in more detail under Opportunity 8 in 
Volume 1 - Problems and Opportunities), 

Other activities within OSPA^ not part of SAP, have been undertaken (or are 
projected) to ftirther understMding of science education systems and policies or 
programs aimed at improving them: 

B A large-scale assessment of the Foundation's options in K-12 science educa- 
tion (this study) and a smaller-scale companion study of program options 
related to middle school science (Weiss, 1986). 

■ A newly announced program of "assessment studies" (no awards have yet been 
made) that can "address issues related to the ongoing appraisal of the Founda- 
tion's many educational programs" (NSF, 1987a), (This thrust is not the same 
as direct evaluation of programs or projects, discussed below.) 

As in the case of research on teachers, lewners, and lemiing environments, all 
of the activities supported by OSPA have evolved towm-d a more focused conception of 
the Officers mission that both provides a resource to the field and meets SEE*s (and 
NSF's) need for analytical work on which to base its policies. The most recent 
program Mnouncement puts it as follows: 

The goals [of OSPA] arei to serve as a majof source of research, poli^ data, 
and appraisal information for strengthening science, mathemati^, and 
enpneering education in the United States; and to provide analytical and policy 
support for the leadership efforts of the Foundation in these critical areas. 
(NSF, 1987a) 

More specifically, OSPA has recently announced priorities that are closely linked 
with many of the opportunities identified in Volume 1, including the study of 
issues related to participation in science, teacher supply and qualiflcationSj the 
role of tests and textbooks, the implications of local and state reforms, and interna- 
tional studies, ITiese emphases seem appropriate, not only from the point of view of 
NSFs role as national overseer of the status of science education but also from the 
perspective of evolving a Di^ectorate-^dde strategic approach to broadening the pool 
of K-12 science leMners* 

OSPA's investments In learning about science education systems--ln particular, 
through studies supported by SAP-appear to have been effective, within the limits of 
the resources allocated to this program (e.g., $2,2 million in FY 1987), and promise 
to continue to be so in the ^ture. ^t Is too soon to judge the contribution of 
other OSPA-supported activities to this goal.) 

Current approaches to documenti?^ and evaluating NSF's (SEE's) inten^entions in 
science education--^er the past few years, SEE has done little to learn systemati- 
cally from the ejqjerience or results of the projects It &nds. In this regard, the 
Directorate cm, in principle, (1) document the activities and results of each 
project, (2) assess projects in midstream to pro\ide fonnative feedback to project 
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participwits or SEE itself, or (3) evaluate the outcomes and long-term effects of 
projects once completed. TTiese activities can be done with respect to each project 
taken by itself or sets of related projects; they can be carried out, in principle, 
by the project directors themselves, SEE staff, or third parties hired for this 
puipose. The generic purpose for all these activities is the same: to maximize what 
is learned from SEE-funded interventions. From these kinds of activities, two kinds 
of things can be learned: first, about the phenomenon (middle school science 
inservace, high school mathematics curriculum development, etc.) and ways to address 
it; second, about the way SEE has sought to contribute to improvement activities. 

TTiere is a growing recognition that SEE's current approaches to these activities 
are inadequate, and some steps are being taken to rectify the situation. SEE must do 
much more if it is to carry out these ftmctions effectively. 

Documentation is ^ically left to project directors, who submit annual reports 
of project activities and, at the completion of the project, a final report. TTiese 
reports va^ greatly in quality and are often treated as a requirement to be satis- 
fled, rather than as a means of communicating something essential about the project 
to interested audiences. SEE project officers tend to do little with these reports 
when they are received, nor are they assembled in such a way that interested SEE 
staff or outsiders can easily gain access to them later, as discussed under the pre- 
vious core fimction in this volume (see the discussion of mechanisms for archiving 
and dissemination in "Promoting Professional Interchange"). To date, SEE staff have 
not ej^erimented with alternative approaches to documenting projects-for example, by 
using third-party contractors~nor has the importance of the documentation fimction 
been emphasized in the grant award process (e.g., by insisting on an adequate plan 
and budget for this activity within the project proposal). 

Formative evaluation of projects while they are under way, either by project 
staff or by SEE st^ (e.g., througji on-site visits for monitoring puiposes), is rela- 
tively rare, also, vrith one exception. Formative research of some kind is often part 
of larger-scale development projects, for example, in SEE-supported children's televi- 
sion series. Other than that (and the informal process of feedback that occuw 
naturdly within most projects), systematic attempts to assess what is being done 
while the projects are in process are the exception rather than the rule. On their 
part, project directors either feel no need for such evaluation or lack the ejqjertise 
to do it, or both. SEE staff, on the other hand, find little time for on-site visiting 
during the bulk of the grantsmaking year, despite their desire to do so. Periodic 
meetings of project directors can, and sometimes do, provide informal formative 
feedback, although the full potential of this mechanism for formative evaluation (or 
documentation) has not been exploited. As in the case of documentation, other mech- 
anisms have yet to be tried, althougli SEE has begun to consider some possibilities: 
a midstream assessment of its investments (nine long-term developmental projects 
fimded last year) in middle school teacher preparation is on the drawing boards. 

. ^® pattern for evaluating results of longer-term impacts of completed projects 
is similar. SEE requires, as part of each final report, an evaluation of some sort. 
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But, for understandable reasons, this requirement is often not taken seriously. 
Project directors and teams are often not particularly interested in evaluation (it 
takes time and resources away from what they perceive to be their "real" pui^jose- 
development, training, or whatever), nor are they necessarily ejqjert in it. Further- 
more, the evaluation task is elusive and difflcult, at best: capturing the subtle 
effects of a network development project, for example, may require observation of 
network users and exploratory interviews vidth them to understand how the network's 
emstence opens up new possibilities for users. In addition, the most important 
effects may not manifest themselves in the short term-that is, at the project's 
conclusion; a careful evaluation may need to examine the network's effects several 
years later. 

In a few instances, SEE has supported summative evaluations of several kinds. 
A grant award made by the Informal Science Education program, for example, is cur- 
rently supporting an evaluation of the science television series "3-2-1 Contact," 
aimed at understanding long-term viewing patterns and effects on students' interest 
in or learning of science, among other things. Other grants in the last few years 
have supported several meta-analyses of the effects of NSF-fimded curriculum 
projects. Although not at the K-12 level, SEE's College Science Instrumentation 
program has recently issued an RFP calling for an evaluation of that program's 
numerous investments in upgrading instructional instrumentation (this evaluation will 
accomplish both summative and formative puiposes). It appears that this and other 
assessment activities coordinated by OSPA (e.g., the assessment studies discussed 
earlier) represent an increasing commitment by SEE to systematic evaluation of the 
Directorate's interventions in science education improvement. 



Promising Areas for NSF Investment in Knowledge Building 

In each of the following areas NSF currently has the opportunity to support- a 
mixture of projects that help to advance the state of the art, understand currer- 
practice better, and translate research into practice. TTie choice of these area^ 
arises from their strategic importance to the goal of broadening the pool as well as 
from the fact that they represent areas where current and productive lines of 
research converge. 



Further Research on Learning and Learning Environments 

Several recent reports spthesize the current state of research in science educa- 
tion and recommend promising directions for future research (Welch 1985; March et 
al., 1987; Linn, 1986; NRC, 1985), We sketch below several promising directions for 
research, based on these review. 

The learner as constructor of Imowledge-'Ther^ is a strong consensus about the 
iieed to change the long-standing view of the learner as a passive absorber of informa- 
tion. ITie learner as absorber (and the accompanying view of teacher as broadcaster) 
is a metaphor that underlies much of the current practice of science education. 
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Understanding the learner as inventor and constructor of his or her own knowledge on 
the basis of interactions with the surrounding en\ironment (including the teacher and 
the textbook) offers a new perspectiv© for thinking about learning and instruction 
(Unn, 1986). TTiis active and more autonomous \dew of the learner presents a range 
of new possibilities for both instruction and research into science education. A 
recent NSF-sponsored conference stated it this way: 

The new consensus about the learner reflected in recent studies extends the 
constructivist \dew of Piaget by reco^imng that learners build conceptual 
frameworks that are c^mple^ hi^y organized, and strongly tied to specific 
subject matter^M There is widespread agreement that learners actively 
construct an individual world \dew based upon personal obsen^ation and 
e?^erience and that they respond to formal instruction m terms of this 
preedsting intuitive perspective.,,. Teaming correct scientitic ideas... 
requires restruciuring the concepts that children have, rather than simply 
supplying correct concepta. (Linn^ 1986) 

TTiis view of the leaner also has implications for the processes and factors 
that are highlighted in a research agenda. For exan^ple, it suggests that it may be 
veiy important to understand the ideas and cognitive structures that "naive" students 
bring wth them as they begin their study of science, and that it may be important to 
obserye In considerable detail what students actually do and think in the course of 
their instruction. Knowing more about why they change (or don*t change) their 
existing views, intuitions, and problem-solving processes, as well as comparing these 
processes with the processes of those who are more ej^ert in the subject matter, may 
yield important insights about the design of effective instruction. 

Examples of research questions that NSF might address within this perspective 
and that support some of the other opportunities NSF now faces include: 

■ A\^at are the cognitive skills that are part of learning to learn? What 
knowledge and/or sikills are required by those students (the majority) who 
will not become professional scientists? What additional skills are needed 
by those who will pursue scientific careers? 

■ How do teachers currently think about science and science education? What 
conceptions of science do they bring to their teaching and students? How do 
they solve the problems they ask their students to solve? Can they model and 
transfer the same intellectual processes that scientists use? 

■ How does the use of technolop^ interact vwth the teacher's and learner's 
thought processes? Cognitively, what a^' mntages ^d disadvantages does it 
offer? 

■ ^at kinds of cognitive (and affective) processes are involved in informal 
science learning experiences? 
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The report of the Nationd Research Councirs Committee on Research in Mathematics, 
Science, and Technology Education (NRC, 1985) describes cognitive and instructional 
sciences as one powertil lever available for the improvement of curriculum and 
instruction- 
Such research has produced better understanding of the components that make good 
instruction effective, which include: (a) models of correct performance (e.g., of 
physics or mathematica problem-solving), (b) models of umnstructed performance 
(e.g,, preconceptions of scientific phenomena that tateract ^th the theories 
being tau^t), and (c) models of effective instruction (e.g,, principles of 
desi^ for effective instruction}^ 

The advances in research have not taken place in subject-free problem^solving 
domains; rather, students' reasoning skills seem inextricably linked to the structure 
and knowledge of the discipline involved. The committee's report describes it this 
way: 

It appears that problem-solv^nft comprehension, and effective reasoning are 
based on subject-spedfic knowledge. Therefore, it seems best to teach 
reasoning skiUi in the ^ntext of specific subjects that students are learning. 
This finding implies that research on reasoning needs to involve e^^erts in a 
particular discipline as weU as costive scientists and experienced 
teachers.^.. 

TTiis need for interdisciplmaiy ej^ertise and collaboration makes NSF the agency that 
IS Ideally suited to support this particular research program. 

The nmure of the learning environment-Complammidxy to this view of the 
learner is a mora systemic and ecological perspective on the learning environment 
Withm this perspective the lewiier is seen as actively interacting with his or her 
surroundings, which include teachers, other students, the school and classroom 
chmate, and available materials and technologies. Collectively, all of these 
environmental factors provide a context within which self-generated and self- 
determme^ learning is supported (or thwarted). Self-determined learning has been 
the prevaihng view of the learner in informal science education settings for some 
tune; it now appears equally useful for thinking about instruction in the school 
setting. 

Clearly, learning environments are not simple. School climate, teacher attitude 
and competence, availability of resources, and competencies of other students all 
mteract to provide a context that shapes each student's learning. TTie interactive 
nature and complejdty of the learning environment invite a more holistic and eco- 
logical perspective for NSPs research and development efforts: 

He past decades have seen an accumulation of knowledge...and the development of 
oew technolo^es, but their appUcation to science and mathematics education... 
has been episodic, unsystematic and limited in scope.... In other enterprises 
this inte^ative ftmction has been called systems desipi and engbeering... 
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it has been ^dely used wherever it has been recogiai^d that proper deiign 
ijQVOlves more than just asaembling various components that have been designed in 
isolation..^ Modera educat-onal acttv^tiesi too, should be considered a system 
in which improvement of components in isolation may not lead to improvement of 
the overall ij^tem. (NRC, 198^ 

Priority should be given to the investigation of the important qualities of dif- 
ferent learning environments, ^at are the unique advantages and constraints of the 
learning environments in the home, schools, md informal education institutions? To 
what degree cm NSF penetrate or influence these environments? What must indi- 
viduals developing materids or trmning teachers know about these environments? 
How can the learning in one enwonment reinforce learning in another? 

Environmental factors extend beyond the immediate learning environment. 
Educational researchers have long recognized the influence of the larger context that 
surrounds individual achievement and motivation. Recent international studies 
(Stevenson, 1983; Stevenson et al,, 1986; Fetters et al-, 1983) have dramatized the 
influential role that pwents and home environments play in school achievement, 
pwticularly in relation to mathematics achievement. Other research suggests that 
community norms may play a large part in determining motivation and achievement of 
different ethnic and racial groups: 

A more satisfactory axplanatioii [for overall p-oup performance differences on 
tests] is simply that the communities...maintam different normSj standards, and 
eructations concerning performance mthm the family, in school, and in other 
institutions that shape children's behavior. Young people adapt to these norms 
and apply their talents and ener^ accordin^y. (Bock and Moore, 1986) 

For these reasons, it makes sense that questions of how environmental conditions in 
the home, school, and classroom influence science learning became one of the top 
priorities for research and possibly development projects (Welch, 1985; NRQ 1985). 

In addition to investigating the nature of different learning environments, NSF 
could support research projects that actively design and explore ahernative learning 
environments (e.g„ technolo^-rich environments, new informal arenas for learning 
science). (Several of these areas are included in initiatives described in oppor- 
timities in Volume 1% Many of SEE's present development efforts (most of those 
within the AAT program, for example) fall wthin the domain of designing alternative 
leaning en\dronments. 

In addition to technological enwonments, there are new settings and arrange- 
ments that can be designed to encourage science education acti\dties: 

Resaar^ reviewed in the paper on contextual factors in education.Mmakes it 
dear that coordinated attention should be pven to educational acti\dties that 
cross the boundary between sdiool and out-of-school learning. For example, 
after-school learning acti\dtiesM.using such settinp as community centers, 
churches, libraries, and sdiool fadUtiei thamselvesM*could effectively 
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mcreasg active learning time for mathematics and science,,.. Joint school- 

community and school-museum prop-ams hold promise for mathematics and science 
education.... What does not ejdst and needs bterdiscipllnary research to 
develop Is an overall understanding of the potential and limitations...of such 
activities. (March et al., 1987) 

By bringing together the best minds from diverse university-based communities 
(the social sciences, cognitive sciences, education research) and the science educa- 
tion community with material developers and those knowledgeable about school 
environments and practices, new environments can be invented and explored. Specific 
areas for ejqjerimentation, relevant to the goal of broadening the pool, require this 
range of interdisciplinaty research ejqjertise, for example: 

B Efforts to apply the methods and findings of cognitive science research to 
the design of new mathematics and science curricula and learning environ- 
ments that are suitable for a wide range of learners. Not only would such 
interdisciplinary efforts lead to improved approaches and materials in 
science education, but they could help advance the field of cognitive science 
by providing a rich subject-specific domain for its work. 

■ Development efforts that investigate the use of technolo^' to create learning 
envu-onments that are highly effective in interesting and motivating a wide 
range of learners in activities relevant to science and mathematics learning. 

■ Bcperimentation with approaches (products and programs) that help teachers 
apply the emerging powerful ideas of the cognitive sciences and the new 
information technologies in their own classrooms. 

T^ese ex^ples are not mewit to be all-inclusive; rather, they are intended to illus- 
trate how the current high-quality and largely academic research efforts in learning 
and technolofflr might be productively brought to bear on the major problems in the 
educational system. As one researcher told us: 

"The problem is that within education there are veiy challenging and intrigumg 
problems that are being addressed Mth trivial research e£forts...while at the 
same time in academia there are very bright researchers working in copiitivt 
science and computer technologj' vvho are addressing trivial problems." 

Undemanding the determmmts of attitudes, motivation, and c^eer choices- 
The iinderstanding of attitudes toward science and the formation of an interest in 
studying science is of the utmost importance to NSF in broadening the base of 
science-competent and science-interested youth. 

Less is knovra about the formation and alteration of student attitudes than is 
known about their costive processes. The relationship between attitudes and 
performance is also not well understood. That this is an important area is 
underscored by the relatively negative attitudes most students hold toward 
science and math and by their continuing decline. (Welch, 1984) 
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For science and mathematics education, the relation between attitude, motivation, and 
achievement is relatively unexplored. We not only need to find how these link but, 
more basic than that^ we need to explore their measurement: 

More fundamentally troubling is the lack of sophistication and confidence in our 
ability to assess attitudes in a meaningftil way. There is a Ugh dep-ee of 
consensus in the field that the whole domain of interest and attitude formation 
is a hi^ priority for study. (Welch, 1985) 

Research on interest, attitude, and motivation might benefit from NSF's support for 
longitudinal studies. Such studies could help to determine how students develop a 
lifelong interest in science. Models of success are needed in motivating students 
over long time scales coiresponding to the actual period of an individual's career 
development (Linn, 1986). Such longitudinal studies might include studies of 
scientists (Bloom, 1985) as well as students. 

New conceptualizations ^science, science leaming, and science education- 
TTie challenge of reconceptualizing K-12 science education has already been described 
m Ko/ume J as a major opportunity before NSF. Underlying this effort is the con- 
tinuing need to ei^lore the theory and direction of science education. The need for 
clarity about the goals of science education has been voiced repeatedly (e.g., Hurd, 
1986a; NSB, 1983). Conceptual research on the essentials of scientific thinMng, the 
goals of science education, and the concrete manifestations of science literaqr could 
do much to clarify and refine fiindamental visions of what science education should 
be. For example, the meaning scientists attach to the term "scientific literal'" 
(which to them emphasizes attitudes and evaluative skills, as well as knowledge of 
the process of inquiry), often differs fi-om the response of the schools to the call 
for scientific literacy (which is to push an encyclopedic view of science). Better 
and more specific definitions of goals for "general" science education are needed 
(Harms and Yager, 1981). More viable ways are needed to define what is meant by 
critical thinking, problem solving, and basic skills in science (AAAS, 1985). A 
mixture of philosophically based conceptual analysis and real-world experimentation 
could help further the ftmdamental aim of formulating, describing, and illustrating 
the basic aims of science education. 

The current mechanism for supporting research in these areas-through open 
^ants competitions and targeted priorities within them--is appropriate for con- 
tinuing support in this area. Other mechanisms (most of which presume a somewhat 
larger overall level of investment in this ftmction) ought to be considered as well: 

■ More actensive agenda building. For example, through conferences convened 
on a regular basis, SEE could play a more active and continuing role in 
shaping the agenda for research on science education. 

■ Formal solicitations onfocused research topics. For example, some of the 
research weas sketched above could be more productively pursued by drawing 
attention to them and earmarking a certain level of ftmding for them. 
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m Research "add-on" grants. With relatively little additional ftinding (e.g., 
grants in the $50,000 to $150,000 range), project directors of existing 
larger-scale development projects might add a research component to examine 
unanticipated research questions that arise in the course of development. 

NSF (SEE) could maintain adequate support for research on learning and learning 
environments for an estimated $4 million to $6 million a year, (More than this would 
make sense, tfSEE's overall strate©' placed greater emphasis on advancing the state 
of the art, as in the "ftmdamental change" strategy discussed In the Summary 
Report and earlier In this volume). 

Further Investments in Understanding the Status 
and Functioning of Educational Systems 

NSF (SEE) should continue its support for studies of the state of science educa- 
tion, along the lines described above. Several areas of investigation not emphasized 
in OSPA's plans for the ftiture include; 

Barriers arid facilitators of students' exposure to science education opportunities- 
Given NSF's wsion of providing the nation's youth with widespread opportunities for 
rich and diverse educational ej^eriences in science and mathematics, the study of 
what constrains and facilitates interactions with science resources can provide 
crucial information for implementing this vision. A recent review of possibilities 
for research in science education gives exposure to science activities top priority: 

This research question is based on the assumption that students need to be 
exposed to sdence learning opportunities by enrolling in courses or by 
participating in out-of-school activities. Science enrollments are low and 
Uttle is known about procedures for chan^g this. Furthermore, our under- 
standing of informal sdence learning opportunities Is minimal. To improve 
science learning we need more students participating in more science learning 
activities. Research aimed at discovering ways to do this seems essential. 
Without students in classes, the best instruction is for naught. (Welch, 1985) 

The report of the National Research Council's Committee on Research in Mathematics, 
Science, and Technolo©? Education discusses in a similar way the importance of 
finding ways to increase both the amount and the quality of engagement that youth 
have with science resources: 

Expanding the capabilities of the educational system to increase the amount of 
quality learning time-that is, time devoted to effective teaching in contexts 
that engage the learner-should therefore be a prima^ objective of a research 
agenda. (NRC, 1985) 
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Similarly, lack of time on task has been identified as a crucial constraint in the 
present science education^ system (e,g., NSB, 1983). International comparisons also 
show American students spending far less time on science and mathematics in grades 
K-12 than students in many other nations (e.g., McKnight et al., 1987), 

We need to know in much more detail what in the educational system and its 
context inhibits closure to science learning, why these barriers exist, and how they 
might be changed. 

Understanding connections between important components in the educationai 
^stem-4n ttying to affect the science education system, NSF needs to understand 
how different system components interact. For example, how does testing actually 
affect the curriculum? How does the process of textbook adoption limit alternatives 
for effective refom? What is the role of state frMtieworks in determining what 
happens in the classroom? What is the relationship of science supervisors to 
teachers? Answers to such questions have veiy reil implications for both the design 
of research and the engineering of its application. NSF needs to understand how all 
of the CTitical institutiond components of the K-12 educational system interact if 
it is to work effectively mth the schools. Various observers have argued for the 
need for a "systems" or "ecological" view, for example: 

Studies ganar ally ara \iewed as too narrow in concept and flawed in method to 
deal raaUatically with the complenties of human baha^or. The physical 
scietica model, so widely used in educational r asearchj mth its emphasis on 
^arimental control of variables and statistical analyiii has Umitad value for 
investigating issues raised by the raforaa movement„„ Better would be a model 
derived from ecology which reco^izei complentles and assumes broad patterns of 
interactive behavior such as would be characteristic of a teacher and students 
in a learning situation^ (Hurd, 19S6b) 

The interaction of emerging national social needs and the role of science 
education--The changing demographics, the progressive disenfranchisement of large 
groups of people from the scientific world, the increasing need for a higher level of 
public science literaQ^* and the threat of we^ess in the technological/human- 
resource infrastructure all are issues tiiat v^iU bew on the role that science educa- 
tion must play. Accordingly, research on science education as a system must 
continually examine the implications for science education. More simply put: 

Science education research ou^t to e^^lain how [aU] students can be attracted 
to the field, how they can be encouraged to pursue education in science that is 
appropriate to their needsj and what scientific knowledge they should have.M. 
(Linn, 1986) 

NSF (SEE) can maintain support for these kinds of investigations for between 
$3 million Mid $5 nullion a year, depending on the exact nature of its investments 
(ongoing support for monitoring systems, for example, is likely to be more costly 
than studies)- 
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More Extensive Documentation and Evaluation ofSEE's Investments 

Aside from their direct benefits to the target audience and their indirect 
benefits to the project participants, NSF's projects are potentially valuable invest- 
ments for a much wider audience. TTie extent to which this value is realized depends 
on the degree to which NSF invests in efforts to learn from its own projects and to 
share what it learns with others. Hiere are two complementary approaches to learning 
from SEE's ovra projects. One is to document and evaluate each project (or sets of 
projects) as a case (or set of related cases) to be learned from. The other is to 
treat each project (or set of projects) as an arena for research into more basic 
issues involved in the teaching and learning of science. 

Because it has done relatively little to document project actiwties and eval- 
uate their results, SEE has considerable room for experimentation with more effective 
approaches. Whatever it does will rest on several premises: (1) evaluation and docu- 
mentation are central to the ongoing process of learning from interventions in the 
field, (2) effective evaluative learning will only happen when higher priority is 
placed on these kmds of activities, and (3) higher priority means a relatively 
greater allocation of either SEE staff time or ftinding (e.g., for evaluative activi- 
ties carried on by outsiders), or both. TTie allocation of resources to this purposes 
should not be excessive-perhaps 10% of all resources could be devoted to this 
puipose (a major national foundation routinely allocates 15% of each project's budget 
to documentation). 

SEE must proceed with caution in this area because evaluation of educational 
programs is difficult to do well. Blindly or mechanically applied, many evaluation 
techniques have little value as a way to learn from or about SEE's investments 
Under pressure for pubUc accountabiaty, a great deal of money has gone into educa- 
tion^ evaluation over the last two decades, and much of it has been wasted. TTie 
emphasis must be on approprime evaluation, drawing on the best of recent think- 
mg about evaluation design and techniques. TTie following kinds of activities 
deserve considerations 

Building cross-project evaluation (and research) agendas into the proposal 
solicitation process-AlXhou^ there are distinct limitations on the capacity (or 
willingness) of a project team to "study itself," SEE could do more to incorporate 
better documentation and evaluation into the original thinking behind project design 
especially mto the design of larger-scale projects solicited for focused pu^oses. 
By m^g evaluation design a clear priority in proposal preparation (and review) and 
by suggestmg in its solicitations to the field elements of a common evaluation 
agenda to be addressed by all projects and to be carried out by project staff (or 
others) over the hfe of the project, SEE stands a better chance of attracting pro- 
posals and supporting projects that take the need for evaluation seriously. Other 
ways might be considered to assist project directors with the task of evaluation, 
such m support for a Technical Assistance Center, analogous to those fimded by the 
U.S. Department of Education to assist local compensatory education programs meet 
evaluation requirements. Nonetheless, SEE should not overestunate the yield of 
evaluative information from project directors who lack ej^ertise in evaluation work. 
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documentation, it can produce insights into the phenomena being addressed by the 
projects In question. Project directors could be given the incentive to prepare and 
present thou^tful critiques of their own work or assessments of key issues 
confronting their projects by organizing the meetings somewhat Uke symposia and 
publishing "proceedings" from the meeting (recorders or transcribers with good 
substantive and editorial skills would be necessary to accomplish this goal). SEE 
has already begun to experiment with these meetings and should continue these 
ej^eriments. 

If it invested between $2,5 million and $3 million aimually in separate docu- 
mentation and evaluation activities, SEE would be able to sustain a varied array of 
systematic learning activities. In addition, a certain portion of many grant awards 
should be reserved for documentation or evaluation, as discussed above. 
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SUPPORT FOR INNOVATION 



NSF cannot anticipate all of the interesting developments regarding science 
education at any one time. Unanticipated opportunities are likely to arise that 
deserve consideration and the possibility of discretionairy support. NSF has an 
especially important role to play where these situations lead to highly innovative 
ways of thinking about science education, creative models for approaching problems, 
or new avenues for NSF (SEE) to exert its influence. We include the following 
categories of activities^ 

a Innovative proposals that do not match current priorities. Certain 

unsolicited proposals are exceptionally innovative and creative, but do not 
correspond to the programmatic emphases of the Foundation at the time. 
For example, a proposal to do es^loratoiy research on iconic languages and 
their relationship to visual aspects of science education would not fit 
with current emphases in any of SEE's programs, yet could deserve serious 
consideration (assuming the proposal were imaginatively prepared). 

a Cross-cutting proposals. Some proposals cannot be assigned easily to one 
program area because they combine elements of several-for example, a 
proposal for developing instructional materials and associated training 
approaches derived from recent research on teaching, or a proposal to 
establish a network among software development firms for the purpose of 
collaborative exploratory work in a new area of software design. 

a Unanticipated events. Unanticipated events often present new possibilities 
for the Foundation that deserve to be explored. For example, the sustained 
interest shown by the public in the Camegie Forum report Teachers for the 
21st Centu^ and the resulting momentum toward ftmdamental restructuring of 
the teaching profession was unanticipated by even the Carnegie Forum itself 
and has created an opportunity for the Foundation to ejqilore the way these 
reform proposals relate to science and mathematics teaching (SEE has, in 
fact, taken steps to open a dialogue with leading individuals within this 
reform movement). 



The Role for NSF 

In response to these situations, NSF (SEE) needs to maintain, on an ongoing 
basis, a discretionary reserve of ftmds that it can draw on when the merits of the 
unusual proposal or unforeseen opportunity warrant it. Mechanisms need to be in 
place, as well, that maintain an openness to these possibilities, and even to 
encourage, within reason, the submission of these kinds of proposals. 
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Serendipitous discoveries play as important a role in educational improvement as 
m scientific research, even though the task of improving educational systems gen- 
erally demands more focused investment than does basic scientific research. NSF 
(SEE) can enhance the possibility of such discoveries by devoting some portion of its 
funding to open-ended investigations aimed at highly innovative research or devel- 
opment (not clearly related to targeted priorities), as well as by reserving some 
discretionaiy funding for important unanticipated events. 

Such possibilities are especially appropriate for the Foundation to consider. 
NSF is one of the few national-level agencies with sufficient resources to encourage 
irinovation in science education and to take advantage of unanticipated events. 
Although private foundations are a possible source of support for such things, few 
specialize in science education Issues, and even fewer have discretionaiy funding to 
support high-risk or innovative activities. Furthermore, many of the larger founda- 
tions that take an interest in science education (e.g., Carnegie, Ford, Sohio, 
Sloan) have fairly well-defined program emphases that exclude a wide range of 
proposal possibilities. Other government agencies are an unlikely prospect' their 
resources for this kind of endeavor are very limited and are often aimed at a par- 
ticular target. TTie U.S. Department of Education (ED), for example, has a small 
amount of funds available for unsoUdted grants (under the Secretaty's Discretionary 
Fund, a set-aside percentage of money under Title H of the Education and Economic 
Security Act, earmarked for the improvement of mathematics and science education) 
but the bulk of ED's fimding for mathematics and science education improvement goes 
to states and localities in the form of block grants for teacher training programs 
The situation is analogous to that facing research, as we described in the previous 
section: NSF is one of the few agencies with a broad enough focus and sufficient 
discretionaiy resources to consider the possibility of maintaining some resources for 
unsohcited, highly innovative activities. 



NSF's (SEE'S) Cuirent Approach to Open-Ended Innovation Support 

Currently, the Foundation handles these possibilities in two ways. First, as a 
general pohcy, SEE will accept any proposal it receives on any topic related to 
science education. Proposals are assigned for initial consideration to one of the 
mne programs that are aimed at the K-12 level. Because the program rubrics are 
comprehensive and because each program operates under a broadly defined progra 
announcement, it is likely that an unusual proposal will come close to at least one 
of the existing program areas. Second, each program officer is informally allotted a 
small amount of discretionary resources for special events and opportunities that 
anse; the Assistant Director exercises comparable discretionaiy control over funds 
when the occasion warrants. 

TTiere is a third way that the Foundation solicits innovative ideas from the 
pofessional community. Some SEE programs place heavy emphasis on innovation . 

model buUdmg m program announcements; it is also common knowledge in the 
professional community that the Foundation favors support for new activities on a 

seed-ftmdmg" basis. But this kind of invitation to creativity is typically related 
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to a specific set of programmatic priorities. The Applications of Advanced Tech- 
nolog? (AAT) program is a case in point. Of all of SEE's current programs, it is 
most clearly oriented toward high-risk, high-gain investments, through funding meant 
to develop protoQ^pes of the next generation of instructional technology. The cur- 
rent program mmouncement, reinforced by the priorities of the program officer, is 
quite specific (this is, in fact, one of the program's strengths). AAT is concen- 
trating its resources on the following priority areas: symbol manipulation tools, 
authoring systems, problem solving with computers, and intelligent tutors. Proposals 
to ej^lore other aspects of advanced instructional technology, which might have 
considerable merit, are unlikely to get well reviewed. 

The example points out a dilemma for SEE, which becomes more acute as it direct 
its funding toward more specific targets and opportunities: the Foundation may be 
less sensitive to creative possibilities that don't fit its programmatic priorities. 
In one sense, that is the cost of becoming more focused, but at the same time the 
long-terrn success of NSF (SEE) depends in part on a continual responsiveness to new 
possibilities. 

In principle, SEE's system takes care of this need, but there are several ways 
in which it falls short of the mark. SEE staff indicate that proposals that do not 
clearly adhere to the announced priorities vrithin each program or that combine 
priorities of more than one program are at a disadvantage in the proposal review 
process; SEE's programs are not a completely open invitation to the field. Highly 
innovative proposals are at a disadvantage in a different way; such ventures are 
likely to draw mixed reviews from panels or mail reviewers because of the diversity 
of vievi^oint among the reviewers chosen. Even though follow-up reviews may be 
arranged to resolve the discrepant reviews, it is still veiy difficult for innovative 
proposals to receive consistently high marks and, hence, gain acceptance. 

The result Is a pattern of mutual caution exercised by both SEE and the profes- 
sional conmiunity. Proposers tend not to submit "wild" ideas, because they understand 
that these are unlikely to be well reviewed. On its part, SEE relies on a review 
process that tends to screen out the more innovative ideas. 

TTiere are, of course, good reasons to be cautious with public funds. NSF would 
not want to be in the position of putting most of its education-related funds into 
high-risk, high-gain activities. The ejqiectations of the public and Congress, among 
others, are too oriented toward shorter-term efforts that achieve visible results. 
Nonetheless, the problems of K-12 science education call for bold thinking and 
creativity. NSF (SEE) can help to keep this kind of thinking alive. 



Altemative Approaches 

There are various ways to improve this situation. The following are some ideas 
that SEE should consider. 



1-57 



75 



Setting up a 'inad money" pot-By reserving a modest amount of money (e.g., 
half a million to a million dollars) every year for innovative proposals that do not 
conform very well to the scope of existing programs, the Foundation could formally 
invite such proposals more directly than it does now. Required preliminary proposals 
could streamline the screening process and help to nurture promising ideas that are 
not yet at the ftiU proposal stage. (Other agencies have created precedents for this 
approach, such as the National Institute of Education's Unsolicited Grants Program or 
the Fund for the Improvement of Postsecondary Education.) 

Creating a cross-program task force of SEE program officers for handling 
innovative proposals-Such a group would be charged with identifying promising 
proposals th4t "fall between the cracks" and setting up an appropriate standing panel 
for considering them. Special review procedures might be necessaiy to ensure that 
the unusu^ nature of these proposals was not a negative factor. The task force 
could be allocated a target mount of funding, say $1.0 million and $1.5 million 
annually, to invest in the most promising cross-cutting proposals that do not fit 
neatly into any one program categoiy. 

Increasing and formalizing the discretionary funds at the let'el of individual 
programs, divisions, or even within the Director's office-This activity would 
simply establish current practices more securely. A total discretionary reserve of 
approximately $1.5 million annually would provide SEE professional staff with 
sufficient wherewithal to respond to appropriate opportunities as they arise. 

A total annual allocation of $3 million to $4 million would thus be sufficient 
to coyer unanticipated opportunities and support unsolicited, innovative proposals of 
the kind described here. However, if overall NSF (SEE) strategy were to emphasize 
advaiicing the state of the art, as in the "fundamental change" strate©' noted eariier 
and discussed in the Summary Report, then a proportionately greater investment in 
open-ended idea generation might make sense. 
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PARTTWOi 
IHE BASIS FOR STRATEGIC INVESmENT 



In this part, we e3q)lore three requirements for the National Science Foundation 
to invest its ftinds strategically in K-12 science education. First, NSF must design 
initiatives aimed at opportunities (such as those described in Volume 1 and the 
Summary Report) related to the long-term goal (i.e., of broadening the pool of 
competent and interested science learners up to the age of 18). Second, it must 
develop an overarching f " to guide the choice and relationships among initia- 
tives, so that they have thi latest chance of achieving mutually reinforcing 
effects on the goal. Hiirc, iJie Foundation must build and maintain its capacity for 
investing strategically"that is, ensure that it has the staff, procedures, and 
resources in place to carry out strategic investment in science education over the 
long term. 

As a base for this strategic investment, the Foundation must also invest in core 
fimction activities on a continuing basis, as described in Part One of this volume, 
so that it has the information to design initiatives properly and the professional 
community is adequately prepared to respond to these initiatives. 

Because the business of contributing to K-12 educational improvement is dif- 
ferent from the business of supporting scientific and engineering research, the 
Foundation's approach to investing in science education needs to differ significantly 
from the arrangements for supporting scientific research. TTie approach to science 
education must be proactive, coherent, and targeted. Investments need to be engi- 
neered so that systemic changes are Ukely. In its Education Directorate, NSF has 
begun to rebuild the capacity to undertake this kind of investment, but the Founda- 
tion's strategic capacity requires fiirther development and the support of the Founda- 
tion as a whole if strategic investments are to achieve the maximum payoff. 

These components of strategic investment in science education, and the relation- 
ships among them, are displayed schematically in Figure 2-1. A discussion of each 
follows. 



Designing Initiatives 

By "initiative" we mean a programmatic attempt to support projects and other 
activities aimed at particular targets, using certain funding mechamsms, and 
embodying a particular philosophy or "theory" of change. In the course of examining 
each opportunity, we developed a set of initiatives that we believe deserve serious 
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consideration as NSF decides how it will direct its grant programs.* These are not 
the only sensible initiatives that can be imagined; rather, they are meant to illus- 
trate initiatives that are likely to achieve desired results. 



BUILD LONG-TiRM 
STRATlQie CAPACITY 
WITHIN Sii AND IN 
NSF AS A WHO.! 




FIGURE 2-1 iLEMENTS OF STRATlQIC INVESTMENT 
IN K-ia SCIENCE EDUCATION 



A Wc^ of Thinking A bout rnitiatives 

We think of initiatives as hypotheses-that is, an informed guess about the way 
the Foundation's actions (a solicitation, the award of funds, etc.) will influence 
the scieuce education community and, in so doing, affect the quality of instruction 
and learmng m science. As it is implemented over time, an initiative sets in 
motion a chain of causes and effects that represent a "test" of the original 
hypothesis. 



These initiatives are described by the area of opportunity to which they relate, in Volume 1 - 
Pmblems and Opportunities. A summaiy listing of initiatives, organized by two overardiing 
stratepes, appears in Appendix A of this volume. 
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In these terms, -initiative" is not synonymous with "program," at least as the 
concept is used in SEE today, although there is clearly overlap. In most cases, 
SEE's programs are less focused than our definition of an initiative would imply, but 
one may still discern a hypothesis of sorts within each program. The Instructional 
Materials Development (IMD) program thus embodies a hypothesis that might be stated 
as follows: 

By mating the science education commumty to propose projects aimed at 
developing innovative curricula across the full range of pades and subjects 
(mathematics, biolo©^, earth science, etc.), SEE be able to bcrease the 
array of creative curricular improvements from which educators and others (e*g,, 
publlshe fs) select their materials. This process, in time, enhance the 
curricula to which students are exposed. 

\yithin the IWD program, the "targeted solicitation" aimed at elementary science 
materids development (initiated in 1986 and still under way) embodies a more complex 
and focused ftinding hj^pothesis. It could be stated as follows: 

By providing long-term (e*g*j 4 to 5 years) funding to large-scale collaborative 
projects-combining the talents of developerSj publisheri (as intellectual and 
finanoid partners), and a school sptem (as a laborato^ for testing and 
refining developed materids)-=SEE can generate a small number of creative and 
commercially viable alternatives to current elementaty science programs. The 
terms of SEE's solicitation and awards will (1) focus development on science 
pro-ams that work well for the "average" elementary school and student, and 
(2) encom-age publishers' commitment to widespread dlssemmation of the 
materials whan they are produced. Ultimately, these materials wll reach a 
substantial proportion of the student population (assuming success in pre\^ous 
steps). 

Whether either hypothesis will be borne out by the events of the next 5 years or 
more is a matter for speculation at present and is not the point of the discussion 
here,* The examples are meant instead to illustrate some of the components and 
variables involved in initiative design: 

■ Targets, which can be either broad (curriculum improvement in mathematics 
or science at any K-12 level) or narrow (iimovative elementary science 
programs)* 

■ Funding mechanims, which includes the funding vehicles (grants, contracts, 
purchase orders, etc.), size and duration of awards, the specificity of the 
proposal solicitation mechanism, and the nature of requirements for project 
completion. 



* Our assessment of current investments undertaken with regard to either hjpothesis appears in 
Volume 1 in Opportunities 1, 2a, and ?♦ 

2^3 

80 

EKLC 



■ Intended type(s) ofgrantee^ which may be relatively unspecified (as in the 
IMD grants program) or rendered fairly specific (as in the case of 
developer-publisher-school system collaborative teams). 

■ A philosophy of, or approach to, change in educational ^sterns, for 
example, emphasizing short-term incremental improvement or longer-term 
fundamental change. 

■ Hypothesized relationships between (1) NSF's actions and the grantees' 
response, and (2) grantees' activities (supported or stimulated by NSF) and 
effects on the target. 



Design Considerations 

Designing a suitable initiative to address the opportunities described in other 
volumes of this report parallels the process of identifying the opportunities them- 
selves (see Volume I), only at a more practical and operational level. Hie cen- 
tral design considerations are: (1) Within the area of opportunity, what interven- 
tion targets are most critical and most closely related to the long-term goal of 
broadening the science learner pool? (2) What approaches to the problem are 
appropriate to NSF as a federal science fimding agenty, draw on NSF's unique capa- 
bilities, and are likely to maximize the direct and indirect impact of its dollars? 
(3) What approaches to the problem are most timely, given the activities of others, 
conditions in the field, the state of knowledge about the problem, etc.? Two other 
considerations-one philosophical, the other practical--also enter into the process 
of designiug initiatives. First, what philosophy or "theory" of change is most appro- 
priate to the opportunity (and most consistent with overall strategic objectives 
vnthin the Directorate)? Second, what approaches are most feasible, in terms of both 
administrative requirements and political exigencies? Responsiveness to key 
constituencies-in Congress, the scientific establishment (including the NSF hier- 
archy outside SEE), and the science education community (or segments within it)- 
is an extremely important consideration in this regard. 

Assuming the initiative takes these considerations into account, it must meet 
the ultimate criterion: does the hypothesized relationship hold? Does the activity 
set in motion by NSF fimding, leadership, communication with the field, etc., con- 
tribute to improved conditions for teaching and learning science? 



SEE's Current Arrc^ ofK-12 Initiatives 

In the past few years, SEE has demonstrated an increasing abiUty to design 
sophisticated initiatives that take into consideration all these factors. A good 
example is tlie targeted solicitation, issued 2 years ago (with awards made in 1986), 
supporting the development of elementary mathematics programs that feature the 
calculator and the computer. It addressed a central conceptual and programmatic 
problem in K-6 mathematics (the organization of mathematics to reflect the impact of 
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two key technologies), approached the problem in away that was particularly appro- 
priate to NSF (by inNdting collaborative projects drawing on the mathematics educa- 
tion and mathematical sciences communities), and called for proposals at an opportune 
time (following a spate of reports calling for the reform of mathematics education, 
at a time when the two technologies were becoming widely dispersed in schools). Fur- 
thermore, the initiative was eminently practical; the implied philosophy of change- 
aimed at long-term rethinking of the K-6 curricular base-was appropriate to the 
state of knowledge and general progress toward reform goals. 

Not all of SEE's recent initiatives are as well conceived. A recently announced 
"private sector partnerships" initiative provides a case in point. It calls for 
"activities by partnerships between business/industry, school systems, and other 
education^ institutions..,to demonstrate ways in which community concerns can be 
translated into positive action to improve the quality of science, mathematics, and 
technology education" (Federal Renter, March 17, 1987). Although the initia- 
tive is generally responsive to political constituencies and to the apparent interest 
of many private-sector flrms to broaden their support for improving science educa- 
tion, the initiative is likely to spawn a diverse series of demonstrations that may 
contribute little toward the goal of broadening the science learner pool or to any 
other strategic goal. Hie initiative is reactive, not strategic, and is more 
properly thought of as a mechanism that could be used to address any specific 
programmatic goal (in fact, the initiative invites proposals that relate to any of 
the existing K-12 programs). 

Other recent initiatives launched by SEE fall on the continuum suggested by 
these two examples, from carefiilly conceived, complex solicitations to those with a 
less sophisticated h5^othesis about educational improvement. The elemental science 
materials development initiative described earlier and a solicitation for projects to 
develop comprehensive teacher preparation programs for the middle school level 
(issued in 1986) fall at the more sophisticated end of the continuum. Others, 
including several less formally declared initiatives, such as Investments in intelli- 
gent tutors (part of the Applications of Advanced Technoloa? program) or children's 
science and mathematics television broadcasts (part of the Informal Science Education 
program) fall in between. The hypotheses represented by these investments are simpler 
(although no less carefully thought out). Still others-including ones currently 
under consideration-represent less careful thinking and a still simpler hypothesis 
about NSPs effects on the field. 



The Process of Initiative, Design 

The current array of initiatives supported by NSF (SEE), and fiiture ones that it 
may put forward, emerge from a process of initiative design that is often fairly ad 
hoc and dependent on an individuars grantsmaking skill, although there are clear 
exceptions such as the elementary science materials development solicitation, which 
evolved over a period of time with a good deal of consultation among publishers and 
others in the science education community. More typically, however, the process 
happens as described by a SEE staff member: 
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"I'll tell you how it happens most of the time, I will get word from upstairs 
that we ought to have an initiative for such a; i such a reason nnd that we need 
it soon, and so I sit down and ^wite it-ln an ofternoon, pretty much out of my 
own head. Do I have good information on which to base my judgments about the 
focus, grant size, stipend level, or whatever? No, I don't; I just go with my 
intuitions. Then the thing will probably go through several drafts with some of 
my colleagues commenting and that's it." 

It is possible, of course, to develop sound initiatives this way. SEE's staff 
are capable individuals, and those who have been around the Foundation for a whil 
have a great deal of grantsmaklng expertise to draw on. However several character 
istics of this process limit its potential to yield strategically potent initiatives. 
First, the process is heavily driven by political exigencies. The wishes of Congress 
and of the NSF hierarchy will always be critical factors in anything SEE plans to do, 
but that doesn't mean that they should be the sole driving force. Strategic planning 
can anticipate political factors at the same time that it considers the various ingre- 
dients for an opportunity described elsewhere in this report (important national 
needs, appropriateness to NSF's unique capabilities, and timeliness). Second, the 
time line for initiative development is often very short; some SEE staff describe the 
process as operating in a "crisis" mode. Understandably, there is little time for 
reflning or revising initial ideas for initiatives. Third, the process allows for 
little input from the professional community with regard to either the larger 
question-is this the right target for an NSF imtiative?-.or the more specific 
questions about the details of the initiative itself. 

Contrast this process with standard operating procedure at a major private 
foundation engaged in science education improvement, among other investments 
addressing domestic social issues. Program officers in this foundation develop 
imtiatives over a long period of time-half a year to a year, for example. During 
that time they put together what amounts to a proposal for an imtiative-with a 
fairly detailed rationale, estimates of costs and likely effects, etc. This proposal 
is often developed with the help of outsiders, through brief (1-day) initiative 
design meetings and other forms of consultation. At the end of the year, the 
proposal IS presented to the foundation board; if it accepts the proposal (and 
assuming money is available), the initiative is launched and given a substantial 
penod of time (e.g., 7 years) to prove itself. 

^ iSl'® important and inescapable differences between private foundations 
and NSF. Pnvate foundations do not have to answer to the public and its political 
representatives, for one thing, and have far greater discretion over their ftinds 
Nonetheless, there is no reason in principle why the kind of careful initiative 
design process described above, or a vejiation on this theme, could not become 
standard operating procedure for NSF in matters of educational investment All 
imtiatives could be developed through a process that included: 

■ Scanning. A careful review of salient issues in the field, conducted on a 
repilar basis through commissioned papers prepared by eroerts in the field 
(this IS now being done by the Office of Studies and Program Assessment in 
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its planning for the ^ture) and by other devices (agenda-setting meetings, 
surveys, policy studies, etCi), 

B Selecting. A process of prioritizing targets for potential initiatives that 
is referenced to overall strategic objectives of the Education Directorate 
(and Foundation) and selecting among them a set for more detailed planning 
and review, 

m Formulating, Sketching the design of the initiative wth diverse input from 
both SEE staff and outside e^qperts; this should be done iteratively, result- 
ing in an equivalent of the private-foundation initiative proposal described 
above. TTie formulating process (and the iriitial process of scanning) should 
be done mxh sufficient outside input to generate awareness of, and interest 
in, the initiative within the science education community, 

■ The go/no-go decision. The initiative proposal should be reviewed and 
scrutinized carefully by an appropriate group within SEE (possibly including 
NSF staff from outside the Directorate)--for example, one that oversees long- 
range planning for SEE; this group then would recommend action to the 
Assistant Director of SEE, 

Experienced SEE staff would no doubt point out that this kind of process is both 
time consuming and difficult to fit into staff job assignments as currently conceived, 
and they are right. But when one considers the consequences of most of SEE*s 
initiative design decisions, which commit millions of doUarf, in public funds to 
improvement activities over a long period of time, there is ample justification for 
taking this activity veiy seriously. To do so may well involve significant changes 
in staffing and staff assignments (see discussion below of "strategic capacity"). 

Implementation of Initiatives 

Although the point may seem obvious, the ultimate success of any initiative 
rests as much with the way it is implemented as with its design. TTie initial design, 
often reflected in a program announcement, is only one step toward strategic invest- 
ment. For the initiative to be effective, SEE staff must implement it proactively, 
through such activities as: actively communicating with relevant professional 
audiences, encouraging proposals from highly qualified individuals and groups, 
"shaping- proposals, monitoring projects once they are under way, evaluating their 
contribution to strategic objectives, etc. 

SEE progi am st^ do much of this routinely, but the limitations on their time 
preclude active monitoring and evaluation. Mid-course adjustments in project plans 
are generally left to the project directors' discretion entirely. As is the tradi- 
tion with most scientific research grants, SEE grants funds to presumably capable 
individuals and trusts them to accomplish the task they set out to do. That model is 
probably more applicable to scientific research than to the "social engineering" task 
that many SEE-ftmded projects undertake. Accordingly, there is a greater need for 
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attention by NSF (SEE) to the projects it has already funded for several reasons. 
First, project directors engaged in complex projects are likely to need support, 
encouragement, technical assistance, and critical feedback. Second, as pointed out 
in the discussion of documentation ,ind evaluation earlier in this volume, each 
project is an opportunity for the science education community as a whole to learn 
about science teaching md learning, as well as interventions in the educational 
system. Strategic investment implies that the Foundation will do what it can to 
inaximize this sort of support and learning. 

Developing Overarching Strate^es 

An overarching strate^ for SEE, as we define it, is an organizing rationale 
guidmg diverse investments in K-12 science education. A stratear has the following 
components: 

■ An overall long-term goal, along with 5- to 10-year objectives that represent 
steps toward the goal. 

■ A coherent set of imtiatives-aimed at improving (1) content and approach, 
(2) professional capacity, and (3) system functioning-that seem likely to 
achieve the strategic objectives. 

■ A clear philosophy of educational change and NSF's relationship to it. 

A coherent, clearly articulated strate^f to guide NSF's investments in K-12 
science education would accomplish several things at once. First, it would increase 
the hkehhood that NSF's (SEE's) initiatives would achieve mutually reinforcing 
effecte oil the long-range goal. Given the complexity of the goal we have suggested 
(broademng the pool of competent and interested science learners up to the age of 
18) or, for that matter, almost any educational improvement goal one could imagine 
It IS unportant that NSFs Umited resources be deployed to achieve maximum effect ' 
overarchmg strmgy assures some concentration of effort. Second, the existence 
of the strategy provides a reference point for NSF's (SEE's) own planning TTie 
choice of the next initiative, decisions about which proposals to fund, and communi- 
cation with the professional community, among other tasks, are all easier given a 
clear sense of the Directorate's guiding strate^r. Third, the existence of a guiding 
strategy sends clear signals to the professional community about the larger purposes 
around which talent and energy can mobilize. SEE will always be dealing with a 
diverse professional community, but if it can energize those elements of the com- 
munity that have the most to offer to a particular strate©^, rather than supporting 
professional efforts that are moving in all directions at once, it can build momentum 
toward difficult-to-achieve ends. Finally, NSF (SEE) is in a much better position to 
explain and justify to Congress and other political bodies its need for, and use of 
funds if It can articulate a clear sense of direction to its investments. 

. ^ *5® J^s*^*^ years, a strategy has begun to emerge as the predominant direc 
tion for SEE s K-12 fundmg. On balance, most of SEE's funds are awarded to projects 
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aimed at achieving incremental improvements in the short term, more than at funda- 
mental reconceptualization or restructuring over the long term. Emphasis is shifting 
to the elementaiy and middle school levels; the bulk of funding is devoted to 
improvdng curriculum and teacher education, 

In its present form, SEE's overall strategy is not as well articulated or as 
coherent as it could be at the Directorate level. Each of the nine current K-12 pro- 
grams embodies a strate©^ of its own (and even within some programs the predominant 
strategy has not been clarified); collectively, the programs are designed to address 
the major components of the science education system. But because the strategies of 
different SEE programs diverge considerably and do not relate obviously to one 
another or to a long-tenn goal, external audiences are unlikely to know what NSF is 
trying to accomplish. Within SEE (and NSF as a whole), a statement of K-12 strategy 
has yet to be articulated clearly enough to aid in the design of new initiatives or 
other procedural adjustments. 

Currently, SEE and the Foundation leadership are taking steps toward developing 
a clearer mission and strate^ for the K-12 level, as part of an approach to science 
education at all levels. The Foundation has recently submitted to Congress the first 
annual update of its 5-year strategic plan for science education improvement, part of 
which deals with plans for K-12 investments. A Foundation-wide Task Group on 
Education and Human ResourceB is currently at work on a report that will establish a 
planning framework to guide NSF's educational investments at all levels over the next 
few years. But the results of these efforts so far fall short of the clarity or 
direction that is needed. 

We discuss below the basis for developing a clearer and sounder strate^. 



Basis for an Overarching Strategy 

In the Summary Report we sketch two alternative strate^ scenarios, which 
one can discern at work within and across SEE programs but which have yet to be 
articulated above the level of individual programs. Each presents a fundamentally 
different philosophy of educational change and NSF's role in the change process*: 

■ Incremental improvement strate^. Hhis strate©' emphasizes upgrading 
current formal and informal educational systems, primarily through invest- 
ments that achieve widespread impacts in the short term. For example, 
support for collaborative ventures with publishers to improve science course 
materials, inservice teacher education, and national children's broadcasts in 
science and mathematics reflect this strategic approach. 



• These scenarios and the kinds of investments they imply are described more fully in the Summary 
Report. A summaiy listing of initiatives related to each and our estimate of resources necessary to 
implement them appears in Appendix A, 
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■ Fundamental change strategy. This strategy aims at exploring the possibili- 
ties, extending the state of the art, and searching for new approaches that 
can radically improve education over the long term. Research on science 
learning environments, ej^loration of technological Innovations, and long- 
term leadership development illustrate this strategic approach. 

We summarize the two strategies schematically in Figures 2-2 and 2-3. 

The two strategies have historically contended to be the guiding principle 
behmd the Foundation's educational investments, and an unstated tension between the 
two contmues at present. Programs such as Applications of Advanced Technolony and 
to some extent. Research on Teaching and Learning aim at long-term change in under- 
standmg Mid techmcal capabiUty. Others, such as Teacher Enhancement or Presiden- 
tial Awards for Excellence in Science and Mathematics Teaching, emphasize shorter- 
term intervention m the current system. Still other programs fall uneasily in 
between. As noted above, current SEE investments in k-12 science education reflect 
an emerging emphasis on incremental improvement rather than fimdamental chanee 
although the Directorate has not declared this intention in so many words. ^ ' 

/ A T?®^«^*"*"® that distinguishes these two strategies is the philosophy of change 
(and NSF s role in the change process) they embody. ITiis is not the only basis on 
\yhich a strategy could be built. One could, for example, take a particular educa- 
tional level as the. cornerstone for strategic investment by declaring that the 
biggest need in science education lies at the lowest levels, and therefore invest- 
ments aimed at the elementaiy school level would receive the greatest priori^? 
(Sx>me have arped, along similar lines, that the biggest need exists at the middle 
school/jumor high school level.) 

In fact, SEE has made a significant gesture in this direction-both by declarinB 
that the elementary level would receive special consideration and by directing at 
least two imtiatives at this level (elementary science and mathematics materials 
development solicitations). TTie emphasis on elementaiy school curriculum improve- 
^t^k. * prominent feamre of SEE press releases in the past year 

which indicate a long-term NSF commitment to improving curriculum at each level 
ot schoohng, startmg with the lowest. This strategic thrust is sound, as far as it 
goes. But there is a conspicuous lack of fit between the curricular thrust which 
emphasizes elementaiy-level actiwties, and the various teacher support activities 
which concentrate on the middle and high school levels, especially the latter Even 
the targeted solicitation aimed at middle school teacher preparation is a noticeable 
departure from the tradition of ftinding secondary school teacher education activi- 
ties, serving high school teachers primarily and more often in the sciences than in 
mathematics (see discussion of Opportunities 4 and 5 in Volume 1). If an elementary- 
level science miprovement emphasis were to become the basic building block of SEE 
stratepr, then coordinating investments in curricular improvemem and professional 
capacity buildmg would seem essential, difficult as it might be to do so Research 
investments, as well, could be made with greater emphasis on the elementary level 
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In considering alternative grounds for a clear overarching strate^, we settled 
on the philosophy of change, rather than educational level (or other strategic 
^°^^)* primarily because we were struck over and over again, in interviews with NSF 
(SEE) staff and outsiders, by the pervasiveness of these two philosophies of change 
and the clear differences in investment approach they represented, These overarching 
theories of change present NSF (SEE) with a fundamental choice in the basic direction 
of its investments. 

There are other reasons, as well, why making improvement at the elementary level 
the cornerstone of the Foundation's K-12 science education investment may not be the 
wisest course. First, a primary focus on this level would minimize the Foundation's 
attention (at least for a few years) to large segments of the science education com- 
munity, the bulk of whom relate to the middle and high school levels. Second, the 
arguments for concentrating on this level emphasize the intensity of the need more 
than the tit with NSF's unique capabilities. It is not obvious that the Foundation 
is well qualified to mount a comprehensive strategic thrust aimed at all facets of 
elementary science and mathematics education, even though there are particular oppor- 
tunities for it to make a contribution here--for example, by rethinking elementary 
mathematics and science education (see Opportunities 1 and 2a in Volume 1), training 
district leadership for change in elementary science (Opportunity 4), and enhancing 
informal science learning resources, many of which are aimed at young children 
(Opportunity 10). 



Identifying a Primary Strategy 

Because NSF (SEE) currently maintains programs that exhibit one or the other of 
the two strategies (incremental improvement or fundamental change), the challenge 
before the Directorate is to declare one or the other (or a suitable alternative) as 
the primary (although not exclusive) direction for NSF (SEE) investments. TTie choice 
of a primary focus is not easy. Each of the two strategies represents a different 
combination of elements, all of which are important to solving the problems facing 
science education nationwide and all of which are appropriate to NSF in some fashion 
or other. Hie trade-offs among them, discussed in the Summary Report, reflect 
the fact that each strategy maximizes different things that are important to the 
effectiveness of the Foundation. 

We summarize here some considerations for choosing among strategies and review 
the differences between the two we described. To be effective, NSF's strategy for 
investments in K-12 science education must: 

■ Promise sign^cantp^offin improving the state of education in the sciences 
for children and youth, in three areas simultaneously: (1) improving the 
content of^and approach to learning and teaching science and mathematics; 
(2) strengthening the professional community concerned with education in the 
sciences at the K-12 level; (3) building good science content into the "infra- 
structure." If improvement in these areas can be effected by NSF (SEE) 
programs, then tbe Foundation stands the best chance of making systemic 
changes, 
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FIQURi M FUNCDAMINTAL CHANGE STriATiGY 



Balance short-term and long-term mvestments^ Because science education is 
under heavy scrutiny, it is essential that somte improvements be made that are 
evident in the short run; short-term results \v^ll also help NSF (SEE) modify 
Its future initiatives on the basis of lessons Jesarned. Influencing improve- 
ments in science education indirectly by exteDiding the state of the art and 
knowledge is intrinsically more long term, biimt equally important, at least in 
some degree. Hiis too must be understood a^nd explained by NSF EEE) to its 
audiences. 



B Be feasible, both for NSF (SEE) and its grant* ees (as implementorst 
strates') and in terms of the "market readiaftt ss" of practicing educators in 
and outside of schools (.^he ultimate implem&^ntors of education in the 
sciences). 

■ Appeal to important constituencies of the Fourtmdation, in particular: (I) 
the members of the scientific and engineering establishment (including its 
representatives in the disciplinary directoratfr:^s of NSF); (2) the public and 
Its representatives (i.e., in Congress); (3) the professional community for 
education in the sciences (which includes not only practicing educators but 
also educational researchers, developers, and others). 

We summarize in Table 2-1 the way our proposed strategies compare on these 
dimensions. In so doing, v/e should point out that thte strategies are very similar in 
other respects. Each, In its own way, addresses the c«ntral national problem of 
i the pool of interested and competent science learners, althouglithe nature 

of NSF s contnbution to achieving that goal differs between them. Each features 
highly leveraged mvestments, both in the sense that P^SF's dollars elicit othar 
resources toward the same ends and iu the sense that NSF's investments have the 
potential for significant impact extending beyond the r Immediate recipient of fiindina 
or target audience. Each stratea^ features a balance emong the ^es of activities 
supported, the degree of risk incurred across investments, and the size of projects 
Finally, each stratesr assumes that NSF will adopt a h^igh-profile stance in pursuit' 
or the ultimate goal. 

We do not believe that either of these strategies Os clearly superior (nor do we 
assert that these are the only two that could be imagirijed). It is also not a ques- 
tiou of choosing one strategy to guide all of NSF's eda -cational investments- there 
will always be a need for a mixture of investments, mcmae aimed at incremental involve- 
ment, others at fimdamental changes. TTie important ^question is one of empliasis 
given limited resources. There are not enough resources under any believabla sce- 
nario for the Foundation to folly implement both strategies (see Appendix A for 
estimates of Jhe resources required). Declaring one st=rategy to be the primaw direc- 
tion tor the Foundation's educational investments thuss concentrates resources in one 
direction, but it does not preclude investments guided rby the other philosophies 
Having a pnmary stratep provides guidance about th to way a marginal increase in fund- 
mg should be spent, as well as a basis for adjusting current programs where their 
emphases and contribution to strategic objectives are iDnclear. It also helps to 
explam and justify current and projected budget aUocSLTlions for these investments 



2-14 



ERIC 



SI 



Table 2-1 
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In summaiy, the best strategy will be one that SEE leaders feel comfortable with 
and can convince otheii- NSF leaders to support and articulate within and outside the 
Foundation, 



Building Strategic Capacity 

To implement strategies of the sort just described requires several things: (1) 
SEE leaders, in conjunction with SEE staff and NSF leadership, must articulate-- 
within NSF and extemally-the strate©' that they feel most comfortable with; (2) NSF 
must request (and be granted) sufficient resources to carry out such a strategy; 
(3) SEE staff must design and implement appropriate initiatives, along with necessary 
adjustments in staffing, programs, and procedures; (4) SEE staff, with the support of 
NSF as a whole, must assume a proactive posture in pursuit of strategic objectives. 

These steps require that SEE and the Foundation as a whole build and maintain a 
"strategic capacity" for Investing in educational improvement over the long term. 
This capacity-an institutional capability to invest fiinds strategically-lncludes' 
a centralized home base within the Foundation, the right staff expertise, continuity 
of resources, procedures and policies that enable SEE staff to be proactive, and 
support from the Foundation's top leadership. 



Evolution ofNSF's Capacity for Educational Investment 

In the 1960s and 1970s, the Foundation maintained and developed a significant 
capacity for investmg .n science education at the K-12 level. A large staff, many 
of them with long-term grantsmaklng ej^ertlse, assembled over the years in the 
Science Education Directorate; by the late 1970s, this group represented a sigmfi- 
cant repository of ejqjerlence and was the hub of many networks within the science 
education community, which had been built in part as a resuU of NSF ftindlng. All 
this capacity for educational grantsmaklng was abruptly eliminated in 1981 when 
Congress abolished the Science Education Directorate and eliminated all of Its pro- 
grams (except graduate fellowships). 

The reinstatement of the Education Directorate in 1983 presented NSF with the 
challenge of rebuilding Its capacity for Investing In education. That capacity has 
developed rapidly in the 4 years from then to the present. After an Initial period 
of start-up difficulties, SEE moved quickly to reestablish its program structure, 
rebuild its staff, and process the flood of proposals that came its way. (Its im- ' 
tlal lack of efficiency or dlrection-a major motivating factor in Congress* call for 
studies like this one-is entirely understandable, given the circumstances.) SEE's 
progress to date is remarkable, considering the extent of the dlsruption--in terms of 
discontinued relationships, departed staff, and lost records. 

Most important, SEE has Increasingly assumed a strategic posture in K-12 science 
education. ITie movement toward a more strategic approach to investment in science 
education manifests itself m several ways: 
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■ Use of targeted solicltatiom, SEE has used more "targeted solicitations" 
within several of the programs and has more clearly defined priorities in 
others. Four such initiatives have been formalized in separate solicitation 
announcements; a comparable number are currently on the drawing boards. 
TTie result is a clear willingness to adopt more sophisticated funding 
hypotheses (as described earlier in this part of the report), which appear 
better matched to the complex task of "engineering" change in science 
education systems. 

■ A more proactive posture. Accompanying the movement toward focused invest- 
ment, SEE has become increasingly proactive, in both overt and subtle ways. 
Many program officers routinely encourage appropriate proposers. Staff have 
made overtures to a number of the important groups in the professional com- 
munity to e^lore possibilities for mutual collaboration (for example, a 
recent meeting of foundations and scientific societies involved in supporting 
professional networks), 

B Collaborative planning activities. Some program and divisional staff 

involve a wide range of professionals in planning and have hosted initiative 
design conferences to help chart future directions for investment. One unit 
within SEE is currently engaged in an elaborate strategic planning exercise, 
drawing on commissioned papers from ej^erts and on internal staff projec- 
tions. These practices represent an excellent beginning in the direction of 
strategic investment. 



Further Development in Strategic Capacity 

But SEE's strategic capacity must develop further in this direction. The evolu- 
tion to date and the need for further improvement are briefly suiimiarized below with 
respect to each aspect of capacity. 

Organizational home base-SEE provides a suitable home base within NSF for 
staff with K-12 educational expertise. TTie centralization of such staff in a single 
durectorate is a prerequisite for coordinated strategic investments and should con- 
tinue. Although this point may seem obvious, the matter has been debated over the 
years and remains an issue, especially in light of the Foundation's plans to disperse 
budgetaty control over undergraduate-level educational investments among all research 
directorates. 

Specifically, the Foundation's plans for FY 1988--which represent a quantum 
increase in overall NSF funding for education-feature several new programs that will 
be dispersed throughout the Foundation, although SEE will act in a coordinating 
role. A career access program (aimed at colleges and universities with high percen- 
tages of minorities and other underrepresented groups), undergraduate-levei curricu- 
lum development, and an ej^anded program of research experience opportunities for 
talented undergraduates have been proposed. To date, K-12 education programs appear 
unaffected, although during the debate, sentiment within some research directorates 
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favored various kinds of precoUege investments organized along similar lines (espe- 
cially for talented high school students NWho seem most likely to enter the scientific 
"pipeline"). 

An unspoken tension over control of educational investments is likely to exist 
in the Foundation for a long time, reflecting deep-seated ambivalence in some quar- 
ters "Within NSF (and in the larger natioaal poliq? community) over the value and effi- 
CBCy of educational investments, their edM'ects on ftmding for scientific research, 
and tlielt legitimaty as a central part of tthe Foundation's mandate. Hie gradually 
decUnlng percentage of Foundation res^iirces allocated to education from the mid- 
1960s until recently (before the FY 198& budget submission) is one indication of the 
power of this ambivalence. It is likely tluat this ambivalence will continue to 
e35)ress itself periodically in calls for the absorption of SEE functions into other 
parts of the Foundation. 

Stalfacpertise'-SEB has assembled & diverse professional staflf with many of 
the coflipetencies necessary for dealing effectively with K-12 science education 
systeins, At present, the Directorate's st«iff includes nearly 40 professionals 
devoting most or all of their time to K-12 science education investment. The staff 
includes individuals with backgrounds in most major disciplinary traditions in the 
sciences (Including mathematics, although this disciplinaiy area is not represented 
in proportion to its importance in the strmacture of K-12 education), familiarity with 
educational systems (elementary, second=ary, and informal education institutions), 
somepunding in key infrastmcture institutions (teacher education institutions, 
state education agencies, and publishing^, and some ej^ertise in research related to 
science education (social science measurement, educational research, evaluation). 

For reasons that are understandable (the loss of permanent staff in the early 
1980s, tlie need to gear up qmckly, the dl^iculty of luring good people away from 
their current employment), SEE has yet teo attract a sufficient cadre of permanent 
staff will graatmaking ej^ertise, good satstantive backgrounds, and familiarity with 
educational systems* approximately two-~^hirds of SEE's professional staff who deal 
mth K-12 Issues are rotators, which contr-asts sharply with the l-in-3 average across 
other directorates in the Foundation, Rotators bring enthusiasm and recent coimec- 
tions \rttli the field, but they lack grantmajdng ej^ertise; their rapid turnover also 
makes it more difficult to ensure continu.aty over time. In one division, 5 new 
rotatiBi staff (out of 11 professional sta^D will be assuming their duties this 
fall; the division is about to receive several permanent staff appointments for the 
first time, TTiere are good reasons for thiUm kind of staffing pattern, and it will 
take time to identify and secure the right 3dnd of permanent staff (mistakes in 
according staff permanent status are extremely costly). But until the right mix oi 
staff islnplace, this division will find it dl^icult (although not impossible) to 
develop and maintain a consistent strate^^c liirust along the lines discussed earlier. 

If SEE is to undertake and maintain, a, more strategic presence in K-12 science 
education, fiirther adjustments and additions to the staff will have to be made. 
Under eitlier the Incremental improvemeait or the ftmdamental change strate^, for 
examplei additional staff members with nmathematics edr.cation ejqpertise would be 



req^izired to address opportunities such as revamping the K- 12 matheitiatics curricula 
and to match the heav^ einphasis on mathematics education at the elainentary and 
secondary sehooUevels. 

In mm/ respects, additions or changes in SEE staffitJg depend on. the kinds of 
opportunities that it chooses to address. Staffing in the following areas is 
currently thin, and this fact would be a detriment if SEE were to undertake ambitious 
initiatives related to each area of expertise; 

■ Elmmtary science education (both science and mathematics)— needed to 
undertake extensive investments In rethinking mathematics and science content 
and approaches at the elementaiy level (see Opportunities 1 arid 2a in 

Volmw i), the ifflpTOvement of support systems ani preparation programs 
for elementary teachers (see Opportunities 4 and 5) ^ and more extensive 
investments in informal science learning resources aimed at yo^ng children 
(see Opportunity lO). 

■ Educational and social science research-neceuBty f^x more extensive 
irivestraents in cor& functions as described earlier in thisvolum.e (see 
discussion of buidliig the base of information and taaowledge in science 
education). 

■ Smme and mathematics testing-mcm&ry for initiatives aimed at improving 
science and mathematics testing and assessment (Opportunity S). 

■ State educational p»Iicymaking"mcmmry for initiatives aimed at support 
for state science and mathematics education reform (Opportunity 9). 

■ Underrepresented groups of leamers in science education, especiaEfy minorities- 
necessaty for a more effective strategic approach to serving unaerrepresented 
groups (see Opportunity 3). Staff would need to hare great fairaiharity with 
these issues, intimate contact with the networks of science educators most 
involved -with these issues; staff from underrepresented groups themselves 
would be preferred. 

Hie number of new siaJt required depends in part on tke amount of fiinds to 
be disbursed, but it is also possible that SEE has too few staEf (even at current 
funding levels) for the proactive activity implied by either strate^. Even with no 
chaixge in current SEE prO^ams to address opportunities have described, any 
significant increase in SEE't funding implies a need for more staff to process' the 
additional proposals that wcauld result, as well as to undertate the proactive invest- 
ment activities we have described. 

ContiMit^ ofresourceS'-'Thm success of any overarching &trate^ in K-12 
science education depends, in part, on the amount of resources allotted to it. For 
strategic investment to succeed, NSF will need to maintain a level of ftinding over a 
period of years (e.g., 5 to 10^ that corresponds with plans an* objectives for K-12 
education improvement. Tais is admittedly a difficult thing to manage taa an era of 

2-19 



96 



concern over budget ideflcits; however, vehicles for securing long-term funding do 
exist (such as tiie Foundation's current request for a 5-year appropriation) and 
should be vigorously pursued. 

The amount and continuity of funding for K-12 science education reflects the 
relative priority placed on support for different levels of education. Because this 
report deds only with investments at the K-12 level, it has little to say about 
relative priorities between this md hiper levels of education. However, it should 
be pointed out that the pattern of budget requests for K-12 activities from the 
Foundation since 1983 suggests a reluctance on the Foundation's part to increase its 
Investments in this level (even the current budget request, which reflects sizable 
increases for scientific research and for education as a whole-mostly imdergraduate 
activities to be lodged outside SEE--has little real increase for K-12 activities). 

Pmcedures and policies affecting procKtivity-Both within SEE and in the 
Foundation as a whole, procedures and policies that bear on the proactlvity of staff 
(and ttie Foundation as a whole) draerve careftil examination, in recognition of the 
differences between support for education and support for scientific or engineering 
research (there we some parallels between education and engineering that should be 
examined). Although this study concentrated on an analysis of opportunities, alterna- 
tive initiatlyes, and strategies, it became obvious that there were important opera- 
tional implications of the alternatives under consideration. In particular: 

(1) Merit review procedures. The appUcation of merit review procedures in 

various areas of educational investment may be different from those used by 
other parts of the Foundation. Hie problem becomes especially difficult 
for renewing educational investments because many, if not most, proposals 
to SEE are thoroughly interdisciplmaiy, and the relevant "disciplines" are 
as diverse as alementaiy education, cognitive psycholo©^, and molecular 
biolo^. 

Alternative arrangements (such as standing review panels, which can provide 
not only ej^ert external review but some continuity of vision in project 
fimding decisions over tune) should be actively considered and applied 
wherever they make sense. The thinking represented in the Foundation's 
receiit Advisory Committee on Merit Review (which completed a report in 
September 1986)"for example, Involving the use of multistage review pro- 
cesses for large md complex proposals-should be applied to SEE review pro- 
cesses wherever feasible. Small planning grants Issued to larger numbers 
of potential bidders on large-scale multlyear projects (for which only a 
few awards can be made) have importwit advantages as a way to assess more 
accurately the capabilities of a prospective project team, m addition to 
allowng the team to assemble and refine its thinking. 

(2) Staffing policies set by the Foundation. PoUdes governing staff ceilings, 
which are set by NSF outside of SEE, should be care&lly reviewed to deter- 
mine whether they permit SEE enough staff to engage in the kinds of proac- 
tive outreach that are ImpUed by the initiatives and strategies we have 
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been discussing. For axampla, totalstaffing ceilings include those st^ 
pmd out of NSF*s administrative liDaiteni as well as staff brought on for 
temporaiy assignments (e.g., under IPA ^mobility assignments) piud for out 
of program ftmds. 

It may well m^e sense to ^low SEEth^ flexibility to augment its staff 
for mtical strate^c purposes above the fonn^ st^ ceiling levels, 
tiirough more extensive use of progiain ftinds for staffing (adding a few 
st^ in ttiis way would not seriously reduce funds av^lable for projects). 

(3) Expectations for the me of staff time Ain SEE. The balance of time 

devoted to paperwork and propose review^-as opposed to monitoring ongoing 
projects, deslping new initiatives, cultivating potentid collaborators, 
etc.--needs to be adjusted if K-i2 edocatlond Investments Bie to become 
more stratepc, TMs is not to ipioretlie reBl time pressures placed on 
SEE st^by the large numbers and complexity of proposals they receive, 
to addition, the numbers of st^ cuifently available may preclude or 
inhibit stratepc investment activities to some extent, as suggested above. 

But there are ways to stre^line theproposal re\dew process (a,g,, through 
more ^dgorous use of preliminaty proposals md even by forms of 'iDatch" 
processing of proposals in are^^ where tli^ projects to be ftinded conform to 
a umfonn mold) to augmeflt staff capacity (e,g., by use of third 
parties for project monitoring and initiative design activities). New 
rotating staff can be brou;^t in\sdthacle^er set of expectations about 
other responsibilities besides proposal re^ew, SEE should experiment more 
actively mth these Hnds of activities. Th^se e^ectations might be for- 
malized in di\dsionEd budgets, for example^ by locating a certain per- 
centage of staff time to pluming aetiyltlee or designating staff with 
major assignments for strategic planning acti^ties. 

Support from Foundation kadership-^MtlmghL they are coordinated and imple- 
mented by SEE, strategic Investments in K-lS^cleaace education are more likely to 
succeed if they receive the active support of tliaF»undatioD as a whole, especially 
its leadership. Clearly articulated support for education^ investments or certdn 
strategic directions in educational improvement coming from the Foundation's leaders 
or the National Science Bowd carty great welilit v^thin national poliq^ cirdes and 
the scientific community, not to mention the iiu&xice such pronouncements may have 
on the private sector or public perceptions, Onthe other hand, silence by these 
leaders conveys an opposite message: K42 sclance education is unimportant, at least 
in relation to the other priorities of the Foundation- 

During the first half of the 1980s, NSFs top leadership paid relatively little 
attention to sdence education. TOs attitude may biave reflected the hostile 
poUticd climate at the national level (in whlgli a sustained effort by the new 
administration to dovragrade md even eliminate the federal role in education was 
under way), as much as the preferences of the Foundation's leaders. Nonetheless, 
mth die exception of the acti^dties of the National Science Board's Comm^'ssion on 
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PrecoUege Education m Mathematira, Science and Technolo^, there was little public 
support for m effective presence in K-12 science education of any kind, TTTie 
catalyst for a rebirth of NSFs educational programs at this level came frnrB-n outside 
the Foundation (the Congress) rather than from within. 

NSFs leadership has recently talten more interest in educational matfeters, espe- 
cially those related to imderp-aduate and doctoral or postgraduate study, simultan- 
eously, the political climate has grown more supportive, both of aducationsl activi- 
ties undertaken by NSF ^d of NSFs sdentiflc smd engineering research fiMnctions. A 
Foundation-wide task force on education and humMi resources (a theme within the 
Foundation's FY 1988 budget request, as well) is currently at work attempttting to 
clarify the Foundation's role in all areas of science education; NSF has issuuied 
discussion papers on the development of human resources in relation to th« nation's 
drive to improve its economic competitiveneK. Also, strategic planning exercises 
related to education have been conducted within SEE and other parts of tlMe 
Foundation. 

But despite these signs of renewed interest in its educational mandate^ « the 
Foundation as a whole is sending mixed signals regarding K- 12 science education. If 
NSFs top leadership is committed to developing an effective strategic capau.city in 
K-12 science education, it should move quickly, in conjunction with SEE, too develop 
more effective and consistent statements of mission and strategy and to buiDd them 
into Foundation-wide policy on education^ investments. T^e following inaHications 
can be construed as mixed signals regarding K-12 science education: 

■ Virtually all of the significant increases in ftmding for science educaT=tion 
proposed by the Foundation for FY 1988 are at the undergraduate U.evel and 
above. ITus fact has a reasonable explanation: the virtual absence c^of 
Foimdation support for this level of education in the 1980s Is consid»«red by 
many to be the most serious flaw in NSFs approach to education, sm that 
higher education deserves the lion's share of new science education : monies. 
Nonetheless, the fact that most K-12 activities appear in the Foundaji,tion's 
budget without increases, even minimal ones, sends a message to th» outside 
world, and in particular to the political bodies that scrutinize the 
Foundation's budget requests, that K-12 education is not Important. 

■ At present, the statements of educational mission developed inside ^md 
outside of SEE do not agree; updated 5-year plans recently forwardffld to 
Congress have lacked a clear statement of strategic approach along mhe lines 
described earlier in this report. TTie lack of agreement maybe, in p«rt, an 
artifact of the djoiMDic situation that exists at the time this report is 

being completed: discussions are still under way, and attempts are b^eing 
made to evolve a more coherent framework for educatioiiarplaimin«. But 
our interviews with individuals inside and outside SEE supst that 
resolution of the disagreements is not a foregone conclusion and ma^v 
require more vigorous intervention by the Foundation's leaders. 
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■ Within the steatepc plm most recently submitted to Congress^ the Foundation 
is most specific about graduate-level education^ activities (target numbers 
of fellowships 2am mentioned, for example); by contrast, K42 education^ 
activities me described in much more generd terms. If the plan were 
equdly spedfic about, say, the twget numbers of element^ school science 
teachers to be served as tihe number of graduate fellowships to be granted, 
^en the plim would appeu to address science education at the K-12 level 
with a compMable degree of ewe. 

NSPs top leadership an4 the Nationd Science B0B16 (NSB) have a role in helping 
to articulate Ae sttate^r for K-12 science education, and tiiey should exercise that 
role more vigorously. He absence of public comment^ by the NSB on K-12 science 
education issues since its m^on Educating Americms for the 21st Century (1983) 
is notable. By helping to enunciate the Foundation's strategies to poUticd and 
professional groups, as well as to the public, these bodies may obrata congressional 
pressures on the one hand; on ttie other, they may help to mobilize the relevant 
professional communities behind the Foundations education^ mission. 

NSF as a whole, not SEE done, mU need to exercise leadership in the scien- 
tific community on beh£df of K-12 science education if it wishes to estabUsh a more 
effective stratepc presence in this wea. Many of the Foundation's primary consti- 
tuencies (in the scientific communily) do not necesswily recognize the importance of 
science education investments, least of all at the level, ^e reasons for this 
state of affairs go deep into tiie history and tradition of the Foundation, md deeper 
still into the sodety at large. Assuming the Foundation wants to contribute to 
broadening the pool of young sdence lewners, it will require the concerted effort 
of committed indi\adu^s at all levels in the Foundation to educate the scientific 
community to accord K-12 sdence education the prominence it deserves. 
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PARTTHREEi 

NSr S INVESTMENT mSTOK^ IN K-12 SCIENCE EDUCAUCK 



■ NSF/SEE PrecoUege Science Education, 1952-1986: Program Chronolosr 

■ Program Funding Histoty, 1952-1986 

■ Propam DesCTiptions: Foimal and Mormal Science Education, 
Primarily at the K-12 Level 
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FOREWORD 



The following tables show the duration and level of funding of the 
various programs of the Science and Engineering Education Directorate (SEE) 
of the National Science Foundation from 1952 to the present. Programs are 
organized by level as follows: precollege, informal (all levels), college, 
and graduate/postgraduate. Within levels^ they are generally broken down by 
type, such as teacher/faculty development, material s/currlcular development, 
research, equipment, etc. 

Information used In formulating this table through 1983 is from the 
National Science Board, "Discussion Issues, 1983: Precollege Mathematics and 
Science Education," NSB 83-128, June 1983* Information for more recent years 
Is being provided by SEE. 

Cross checks of the data derived from the NSB publication with data 
contained In NSF Annual Reports has revealed some discrepancies in program 
durations and levels of funding. 
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42, 
KULE 

43. 

HISIF 

uuei 



46, 
LOCI 



§dincg ind Eniineerini 
TechnUtin Iduciclon (19;2-76} 

Undifgraduate Hacerlilg and 
IniErueiionil Devilopiint (1972-76) 

CBiputing AsclvitieB in 
Educition (1972-73) 

Tfchnological InnQvitlon In 
Edueition (1974^76) 

ReeEruclurini tlii UndeTgriduaU 
Uarning InviranienI (l974-'75) 

Hlnorlty InnUcutioni Selenee 
Iiproviient (1974-79) 

Coiprehenilvi Aiglslince to 
tInderiFldusU Seiince yucatlon 
(1976^81) 

Local Qaurse IiprovcB€nC 
(197H1) 



Co liiearch 

S2i Speciil Frojeets In Sciinee 
SPISE Education (1937^^9) 

*62, Froblii AaiisaienE and 
FAEP ExpEriienUl FnJieU (1974^76} 

*64, Riseaceh In SeUnci 
RISE IduEaElon (1977-d2) 

65, tm^Hm College Aaiessiint 
TVCUSi Progm (1978) 



Di Studenta (Cariir In 



13i SGienee Iducatisn for Under- 
SEUS graduate lEudenEi (196041) 

14. IfndergriduaEe Reiearch 
W FactUlpatlon (197H1) 
* Thi proiraa appiara In thle lilt In Dsri than sne eategery 
because Iht prografi covefe lori than one livel. 
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ISiP Equlpfl^nt {i961-?0, 19?2-8l) 
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h Cfiduaii FfUovahlpi 
GFP (i952-priiint) 

2 1 PdiEdocEDril FiUowghipa 

POST (195WI) 

3* Sinlor Poitdocioral FiUewihips 

iPOST (19SHB, 197M1) 

*3h iciiiici FaculEy Fillewshlpi 
SFPD mm), \mt frofiisionil 
DmlopiinE Oraiils (19?H|) 

if CQQpiriilvi driduBSi 
jj|CGp Paileiiihlpi (1959-66) 
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3. Syner NUwehlpi lor Oraduace 

SFGTA tttiehlng AiilKinU (I95i'&i) 

3B, Senior Fdreifn Oeientlit 

SrSF FelUuihipi (19&^71) 

ii PriduiU TMlneeihlps 

DTP (I96H3) 

h tmu Trilniishtpi for Gridyate 

STGTA feichini AiilaiinEi (1967-?!} 

8, HinDrUy InieiEution Griduate 

HtCT triin««ihipi (1974^79) 

h National Hiedi Gnduale 

NNGT TralMishlpi (liU-n) 

iOi HaUenil Nieda Peitdocioral 

NNPF Fiiloviljlpi {l$7|-76) 

Sintor Fsrelgn Enirgy 

SFia ichoiiri 



11. Hinorlty Oraiuale Fellmhips 
HGFP {I97a-82t) 



71. 

SHI 

17, 

ASS 

37. 
Ail 



Si Riieareh and Reaoyrcea 

Mem HmpDHir Siudiia 
(1957, I9SH1) 

Advincid Scienci SeBlnara 

•m 



kimtii Selance Educatlsn 
(1962-72) 



S8i Continuing NSF Iducacion 
CHEiE for Selintlati and Englniere 
(1972-76) 

^7i Resairch Initiation and 
MAS Sypport (1977-78) 

^9, Minority Eentara for 
KC€I Graduace Education (1977) 

*S0, Riioorei ftntita tor Sclinee 
R(SI2 and InglneBrlng (1978-81) 
' Thi proiran ippiari in this llit In sore than m eatsgsry 
O 'jciuii the prograi govera isre than one levoli 
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Data for 1952 to 1969 and 1971 are from "The National 
Science Foundation and Pracollege Seienoe Edueation: 1950-1975 
Report Prepared for the Subcommittee on Seienee, Research and 
Technology of the Comnlttee on Science and Technology, U*S. House 
of Rapreaentativii , (Washington, DCi U,S* Government Printing 
Office), January 1976* 

Data for 1970 and 1972 to 1982 are from the Annual Reports 
of the National Science Foundation, varloua years - 

Data for 1974 and 1975 were provided by the Science and 
Engineering Education Dlreetorate of the National Science 
Foundation* 

All figures are in Thousands of Dollars* 
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U TiSCHER TRAINING - PRECOLLEei 



YESRS 

1152 
1953 
1954 
1933 

19S6 

1957 
HIS 
H59 

1960 
lf61 
I9&2 
1963 
1964 
1965 
1966 
1967 
1968 
1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

TQ 

1977 

1978 

1910 
1981 
1992 

1983 
1984 
1985 



iiSIT ftYliST lililT hist ISIEIT RPHST' BiT'lF CCEi m HUP 



615^ 



CITE Pin PCTO LRTD SfjIM Lfi/Hi 



Pft 



TPf 



505 

4,939* 4,251 
e,399 4,907 
19«618 8,800 



19,405 

18.553 
23,019 
23,010 
23,093 
22,950 
22,498 
21,316 
22,1^ 
19,200 



9,013 
9,118 
10»361 
10,504 
10,432 
10»596 
10,019 
9,184 
8,449 
1,301 



162 
621 

M6i 

2,068 
2,571 
3,327 
3,193 
3,108 
3,218 
2,917 
2,954 
3,654 
3,279 



470 

514 
642 
695 
1,045 
1,240 
1,251 
743 



81 

71 
192 
196 
293 
451 
439 
458 



m 1,475 



HA 
NA 

m 

NA 
NA 

1,602 
1,218 
1,235 



1,268 
100 
810 
861 
855 
826 



NA* 

521 
751 
721 
848 
1,957 
2,213 
3,387 
4,824 



NA^ 
NA' 



18,330 - 
12.455^ 



4,654 
4,730 
4,355 
2i020 



NA^ 

1^703 
1,35? 
622 



370 
679 

NA 
2,635 
1,511 

367 
1,570 
1,458 
l,435* 

285* 
1,100 



1,956 

6,037^ 

1,849* 

2,163 
958 



e 

260 



14,679 
12,311 



4,840 
6,760 

HAi© 



TOTALS 

0 
0 
0 
0 

1,120 
9,352 

11,^:7 

32,305 

32,339 
31,877 
38,929 
39,727 
35,950 
40,128 
40,193 
36,881 
39,217 
34, ZB 

41,590 
34,§52 
31,592 
17,511 
18,711 
14,727 
1,435 
285 
6,220 
6,760 
0 



1,790 
10,266 



89 7,370 
1,341 5,285 



635 3,990 
919 7,204 



0 
0 

0 

0 

13,874 
25^015 



TOTfllS 270,106 177,523 38,147 6,600 2,182 4,055 6,895 30,981 3,884 11,409 13,543 26,990 11,600 12,056 1,430 12,655 1,554 11.194 642,803" 



Includis 'Suppltiintal Frojtcts,* Nuibiri ihgim ire for pricsllfQt Uiehiri enly, Fer ethif ¥iirs, an not ivuUbli 

sipiritily, but instill includt^ is part sf thi tstal <sr •Rtiiireh PirtieipitlDn far Col lege Tfichfri.* 
Hot milibli Mpafitily, Included in total Hr ■IduEatien in thi iciincfs.' 
Ineludei 'Calli^i Ttaeher Inititutei* in this ytir onlyi 
Prpcollifi livtl enly for 1957 and lubsequent yiirs, 

Sepafjti brtakdini not ivaiUblii duibir *er ■Institytti* IpriGgllfgi only) at a Nholii also includii *Lfidirship Specialist 
Prqjfcts.' 

Hot ivaiUbli stpafitelyi inelydtd in ■Iciiflei iducition #sf Sunday Schosl itudinli,' 
Seeis to bi include in totals for -Courst Content liproYfifntp* 

Coiprehinsivi iysttis/TMchifs Ctntiri snelydtd in total for Prt-strvicf SEitncf Idueatiofl, 
Includes •Csiprthifisivi In-Servici Ttachif Idueatlon* and 'Statt and Urian iyiliii,* 

Included in total for •Faculty liproveient Prograii,' rtiich coiiikts of Pftcollfgi Tiachtr DtyiUpient, Chatauqua-NIF, 
icitncf Ficulty/Pfoffisiflftal Divflflpitnt Ftrieiihips, and Sfstargh Pifticipatien f^- Calligi Tiicheri. 
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NSF- 

TIE DI8E NIE hD IHD TOTALS 

0 
0 
0 
0 

0 

630 
77? 
5,B19 



mo 


4,522 














4|522 


1961 


5,082 














5,082 


1962 


7,721 














7,721 


1963 


9j623 














9,623 


29M 


i2j071 














12,071 


1965 


9,271 














9,271 


1966 


9,917 














9,917 


1967 


11,690 














11,690 


1968 


13,307 














13,307 


1969 


7,711 




■.^ 










7,711 


1970 


6,507 






^ 








6,507 


1071 
IV/l 
















4,359 


1972 




3|469 


8,372 










11,841 


1973 




3,312 


6«216 










9,528 


1974 




8|261 




7,432 








15,693 


1975 




7j3S0 




5,997 








13,377 


1976 




4,294 




2,926 








7,219 


TO 




1,328 




684 








2,012 


1977 










8,720 






8,720 


197a 










5,550 






5,550 


1979 










8pl80 


NA 




8,180 




















1980 










8,110 


NA 




8,110 


1911 










6jl6G 


NA 




6,160 


19B2 










NA 






0 


1983 
















0 


1984 














14,032 


14,032 


1905 














5,530 


5,530 


TOTALS 


109|0D9 


28,044 


14,589 


17j03B 


36,720 


0 


19,562 224,961 



1 Figuri for 1957 includii undirgriduiti livil ai ^ell li pricalligi« 

2 Figurti lor 1958'1971 irf for priEoUfgt livtl onlyi ■Suppliiintary 

Tiiching Aids' are includid. 



1, B, Haterials Developiint 

Viiri CCI PMID CII 

1952 
1953 
1954 
1955 
1956 

1957 630^1 

1958 779^ 

1959 5,819 



I. C. Reieirch 

NSF- 

Years PAEP RISE HIE R SPA RTL TOmS 



1952 












0 


195 J 












0 


1954 












0 


19S5 












0 


1956 












0 


1957 












0 


1953 












0 


1959 












0 


1940 












0 


1961 












0 


1962 












0 


1963 












0 


19o4 












0 


1965 












0 


1966 












0 


1967 












0 


1968 












0 


1969 


- 










0 


1970 












0 


1971 












0 


1972 












0 


1973 












0 


1974 


1,464 










1,464 


1975 


1,240 










1,240 


1976 


716 










716 


TQ 


256 










256 


1977 




2,350 








2^350 


1978 




2,350 


500 






2,850 


1979 




3,830 


HA 






3,830 


1980 




5,680 








5,680 


1981 




4,710 








4,710 


1982 




NA 








0 


1983 












0 


1984 








1,809 


1,227^ 


3,036 


1985 








1,748 


2,908 


4,656 


TOTALB 


3,677 


16,920 


500 


3,557 


4,135 


30,789 



1 Does not includi approxiiatily 13 H for Risearch in T 
Prograi adtlnistered by tht Directorate for Biologica 
ScienceB but appropriated to SEE, 
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1, D. 


OTHER 




YEARS 


PDE 


BSTP 


1952 




— — 


19S3 






1954 






1955 






1956 






1957 
1958 


985 




1959 


2,285 


6p535' 


1960 - 


2,274 


^^^^—^ 
4p45B^ 


1961 


2p364 


3,050^ 


1962 




1|81D^ 


1963 




2,181 


1964 




2,305 


1965 




2,131 


1966 




1,973 


1967 




2,070 


1968 




2,067 


1969 




1,873 


1970 




1,931 


1971 




2,051 


1972 




1,938 


1973 




1,955 


1974 




lj375 


1975 




1,747 


1976 




1,945 


TD 




L 
S 


1977 




1,930 


197B 




2,200 


1979 






1980 


• 


NA^ 


19B1 




NA^ 


19B2 






19B3 






19B4 






19BS 






TOTALS 


7,907 


47,529 



SPEC PRE-® 

ISA SA HIS HNH/PHie lOSE RCSE RAHHSS AA 



343 1,088 
751 
893 
424 



605 
392 
1,003 
1 



2,000 


390 




2,310 


720 


2,790 


2,360 


1,030 


2,740 


2,230 


1,270 


2,750 


3,480 


1,220 


2,770 


2,380 


4,630 


11,050 



PRQJ COLLEGE 


TOTALS 




0 




0 




0 




0 




0 




0 


387 


1,374 




8,821 




6,731 




5,413 




3,241 




2,932 
3,198 




2,555 
1,973 


591 


2,661 


433 


2,500 


311 


2,184 






1,931 




2,051 




1,938 




1,955 




1,980 




2^139 




2,948 




7 




4,320 




8,020 




6,130 




6, 




7,470 


4,150^ 


4,150 


1,110^ 


1,110 




1,210 




6,485 



1,210 
6,485 

343 3,156 2,002 12,380 4,630 11,050 0 7,695 1,725 5,260 103,676 

1 1959 figurt includii undergriduite ii Will as preeoUigi. 

2 Riffrrid Id ii ■iESinci Educition fbr Sicondary Studints.' 

3 In 1961 ind iubiequint yiarij breken out Btparatily ai "Suiiir Frogriis for High School itudints' or ■Student 

Sciinci Training.' 

4 Includid in totil lor •Studint Oritntid Progriis,' which Cflniiits of ■Undirgfaduiti Riiiarch Partieipation,* 'S 

Qrientid Studiii,* and 'Student Science Training Prsgraig" 

5 This Precollegi category indudei all SEE iNards for 1981-82 othir than ftnoNihipi and traineeihipsj 
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IL INFORHAL EDUCATIQN 



IbHnQ 


rUUa 


cVbl 


SFC 




liE TOTrLS 


4 7mA 










U 


1953 










0 


1?54 










0 












U 


195& 










u 


1957 










u 


1959 










U 


19'^<9 












19 AH 

ItbV 


%\ 7 








317 


19A1 

1 Tot 












19A9 












1963 










369 


\m 


396 








396 


i9AS 

4 70d 


nH 








y 


19AA 

ilQQ 


nH 








A 
0 


19A7 

I 7u r 










0 


l9Afl 
llQo 










0 


i9A9 

4 707 


i 1 








A 

u 




MA 








0 


1971 

47/1 










A 

0 




1 fl^J 








A 

0 


4 7 / V 










0 


1974 


2|212 








2,212 


1975 


1,689 








1,689 


197A 

4 7/ Q 


1 A71 

1 f 0/ 1 


A71 

Of 4 








TO 


9fi 










1977 

4 7// 


1 97ft 


1 91 n 


Qi ft 




#, UtU 


1978 


2,400 


1 99ft 


i A7ft 






1979 

kill 






1 CQft 

1 ,%j7y 






1980 


3,910 


1,290 


2,050 




7,250 


1981 


4,300 


3,070 






7,370 


1982 


NA 








0 


1983 










0 


1914 










9S2 1,952 


1985 








h 


168 7,168 


TOTALS 


23,348 


8,963 


6,220 


9,120 47,651 



1 Data for 1967 to 1973 are frsi thi tixti of the 
N8F Annual Reports. Thii progris nas not part 
of SEE during thi 1967 to 1973 period, and 
aEcordingly thtsi figurii are not includid in 
iithir thi prograi total or the totil funding 
for SEE as a Hhole. 



Ill, A, FfiruLTV DEVILOPHENT 



YEARS 


EIS 


SFPD 


CTH 


CTI 


RPCT' 


1952 


7 










1953 


41 










1954 


161 










J955 


316 










1956 


314 




NA 






1957 




675 


NA 


271 




1958 




1^580 


NA 


2BS 




1959 




2,328 


260 


2,159' 


2,380 






— - 








1%0 




2,259 


265 


2,217- 


2,413 


1961 




2,323 


342 


2,^05 


2,647 


1962 




3|086 


428 


2,850 


2,375 


1963 




3,799 


640 


3,049 


2,559 


1964 




3 J 839 


628 


4,245 


3,715 


1965 




4,098 


HA 


4,094 


4,004 


1966 




4; 160 


NA 


3,896 


1,381 


1967 




3,330 


NA 


4|47S 


1,519 


1968 




2,865 


NA 


4,103 


1,613 


1969 




2p510 


NA 


3,171 


797 






— -™™— ' 


'■ — ^- 


. 




1970 




3p034 


NA 


NA^ 


NA^ 


1971 




3,000 


NA 


NA 


NA 


1972 






HA 


NA^ 


NA^ 


1973 






NA 


NA^ 


NA^ 


19/4 




1,484 


HA^ 




919 


1975 




1,556 


NA^ 




972 


1976 




1,300 






1|263 
0 


TO 




0 






1977 




2p220 








197B 




2,320 








1979 










NA^ 















CNSF 



COL TEACH 
PROGRAHB 



FACJHPRD 
PRQ6RAMS' 



TOTALS 



1980 
19S1 
1992 
19B3 
1984 
19B5 



NA^ 
NA^ 



NA® 
HAS 



NA2 
NA 
NA^ 
NA^ 
1,308^ 
1,194^ 
895 
0 

980 
1,060 
NA^ 

NA^ 
NA^ 
NA 



4,161' 

3,182^ 
3,823^ 



10,030^ 

11,790^ 
10,180^ 



7 

41 
161 
316 
314 

953 
1,865 
7,127 

7,153 
7,6iS 
8,738 
10,047 
12,427 
12,195 
9,437 
9,324 
8,581 
6,477 

7,195 
3,000 
3,182 
3,823 
3,712 
3,722 
3,457 

3,200 
3,380 
.10,030 

11,790 
10,180 
0 
0 
0 
0 



TOTAie 



839 



51,764 



2,563 37,126 28,556 5,436 11,166 32,000 169,450 



1 Also includis ■Tfchnical Tiiehirs Inititutis." 

2 'CoUigi Tiichir Progfai" Citigory includti Collfgi Tiachir Inititutis, Riiiirch Participition for 

CoUigi TiiChiri, and Chatiuqui-NiF Short Courieg. 
5 Data hr 1959 to 1965 includi ■RiSiirch Pirticipitien for High School Ttichiri" ii litll ai collifli teachirs, 

4 Diti on Chatauqui-NIF Short Couriii for 1974 and 1975 includi CalUgi Teachir Workihopi, 

5 Thi catigorif "Fiirulty Iiproviiint Proirm" includi Chatiuqua-NSF, Riitarch pirtiEipation lof 
Coliige TfiChin, Pricollegi Tiichfr DiVilopient, and Sciinci Faculty Pfo^fiiionil Developiint. 

NOTIi Data for CoUigt Tiachir Norkshops lor 1965 through 1973 lay be included with data on 
Advancid icience Seainiris 
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III. e. HATERIALS AND CURRICULUH DEVELOPHENT 

UNDER6RA0 



YEARS 


SCIP 


SPUE 


COSIP CQSIP'O SETE RULE UHID HISIP CAUSE 


LOCI INSTRUCT TOTALS 


1952 








0 


1953 








0 


1954 








0 


1955 








. 0 


1956 








0 


1957 








0 


1958 


56 






56 


1959 


2ii 




— — « 


211 


19i0 


1,897 






lpB97 


1961 


1,329 






1,329 


1962 


1,269 






1,269 


1963 


3,010 




■ 


3,010 












1965 


5,281 






5,281 


1966 


5,647 


1,406 




7,054 


1967 


6,666 


686 


2,464 


9,816 


1968 


6,045 


906 


9,624 


16,574 


1969 


5,004 


716 


8,764 


14,464 



1970 


9,806 


6,829 
















16,635 


1971 


5,166 


3,675 




77 












8,918 


1972 


4,618 


3,027 


5,047 


1,251 












13,943 


1973 




848 


4,281 


144 




1,955 








7,228 


1974 








1,002 


2,471 


6,564 


6,002 






16,039 


1975 








1,989 


2,091 


4,882 


4,958 






13,921 


1976 








289 




2,487 


4,743 


10,112 


i,033 


18,662 


TO 








0 




333 


2 


34 


0 


369 


1977 














5,140 


10,880 


2,210 


18,230 


1978 














4,690 


13,470 


2,520 


20,680 


1979 














4,910 


13,520 


NA^ 


6,400» 24,830 


1980 














80 


13,280 


NA^ 


5,680^ 19,040 


19B1 
















8,890 


NA^ 


6,170' 15,060 


1982 




















0 


1983 




















0 


1984 




















0 


1985 




















0 


TOTALS 


57,909 3,714 


35,231 


9,328 


4,752 


4,562 


16,221 


30,525 


70, 186 


5,763 


18,250 256,43? 



1 'Undergriduate InitruetiQnal liproviient* caniiiti of "Lscal Caursi liproveient* and 
'Instructignil Bcientifie Equipiint' together* No separiti breakdatini are avaiUble 
for thisi prograii lor 1979 to 1981. 



IIL C, RESEAnCH 



YEARS SPISE TYCLASE TOTALS 

1952 0 

1953 0 

1954 0 

1955 0 

1956 0 

1957 688 688 

1958 166 166 

1959 0 

1960 0 

1961 0 

1962 0 

1963 0 

1964 0 

1965 0 

1966 0 

1967 0 
196B 0 
1969 0 



1970 0 

1971 0 

1972 0 

1973 0 

1974 0 

1975 0 

1976 0 
TO 

1977 0 

1978 460 460 

1979 0 

1980 0 

1981 0 

1982 0 

1983 0 

1984 0 

1985 0 



TOTALS 854 460 1,314 



HI. 
YEARS 


D. STUDENTS 

SEUS URP 


STUDENT 
SOS ORIENT. 


TOTALS 


1952 










0 


1953 












1954 










0 


1955 










0 


i9j6 










0 


1957 










0 


1958 










0 


1959 

— — 










0 


19W 


2} 872 








2,872 


1961 










3,388 


1962 


4,373 








4,373 


1963 


5^878 








5,878 


1964 










6,052 


1965 










5,479 


I760 










6,583 


1967 


4,734 








4,734 


1968 


4j 142 








4,142 


1969 




3|716 






3,716 


^ 

1970 




3|8I7 






3,817 


1971 




3|926 


1,491 




5,417 


1972 




3,861 


1|8?6 




5,757 


1973 




2,133 


1,095 




3,229 


1974 




2,022 


1,733 




3,755 


1975 




2,874 


1, 150 




4,024 


1976 




2,344 


982 




3,526 


TQ 




0 


0 




0 


1977 




2,650 


960 




3,610 


1978 




1,960 


920 




2,900 


1979 








5,420- 


5,420 


1980 





MA 1 


NA 


5, 110^ 


5,110 


1981 








5,680^ 


5,680 


1982 










0 


1983 










0 


1984 










0 


1985 










0 


TOTALS 


43,499 


29,523 


10,228 


16,210 


99,461 



1 Diti on 'Studint Driinted Prsgraii" for 1979 through 1981 
consiiti of 'UndergradUite Reiiarch FirtkipatiQn^ ^Studint- 
Originited Studiii'i ind 'Student Sciinci Training Prograi.' 
Siparati briakdOHns for thesi thrtt progrm for theii 
yiarf ari not availibli. 



III. E. EQUIPHENT 



TkHnb 


ISEP CSIP 


TOTALS 












0 


1953 




0 


1934 




0 


i 7 




0 






0 


i 7tJl 




0 






0 


1959 




Q 


I960 




u 


196i 


ilH 


u 


1962 


NA 


ft 

y 


1963 


HA 


0 






A 

0 


1963 


8,205 




1966 


7|736 


7,736 


1967 


4,906 


4,906 


i96B 


4,336 


4,336 


1969 


4p615 


4,615 








1970 




0 



1971 


5,230 


5,230 


1972 


2,881 


2,881 


1973 


1,578 


1,578 


1974 


3,141 


3,141 


1975 


4,458 


4,458 


1976 


2,994 


2,994 


TO 


0 


0 


1977 


2,970 


2,970 


197B 


3,740 


3,740 


1979 


1 NA^ 


0 


1980 


NA^ 


0 


1981 


NA^ 


0 


1982 




0 


1983 




0 


1984 




0 


1985 




4,838 4,838 









TOTALS 56,788 4,838 61,626 



1 Data on -Initructional idtntific Equipifnt" lor 1979 
through 1981 art inEludid in •Und&rgriduati InitructiDnil 
Iiproyeitnt", Khich includei ■Loeil Ceurit liproviiint* 
as ifilh Nd separiti breakdOKni art avanablt for 
thiii years. 



129 



IV. A. FELLOHSMIPS 



FEL.SHP 



YEARS 


yrr 


rua 1 




war 




ar or 


air 


a 1 13 1 n 114 P 1 


niiei nnrr area nar inHirii lUIHLa 


1952 


















1, ya^ 


1953 


1,366 


















1954 


ij727 
















1,727 


If 55 


1 764 
















1 7Pd 




1 579 




1 wW 












2 077 


1957 


1 B67 




OQQ 














1958 


2,602 


725 


□ 70 














1059 


1 ISA 


1 llA 

i , I ID 


f 6P 


Afl5 


514 








9 2/iH 


I960 


1 IflA 

Q , ^PD 


1 , Vu 1 






Jay 








7 , opD 


1 7wi 


4 111 


1 n9^ 


< VP 


1?, *tOtJ 


^99 








7, 770 


1962 


5,533 


1 lAd 

I , fV't 




4 177 


846 








1'? 9n*^ 


1963 


7,600 


1,471 


964 


5,356 


910 


677 






17,018 


1964 


9,036 


1,632 


1,02? 


6,135 


961 


619 


6,000 




/ 25,411 


1965 


9,617 


1,626 


1,061 


6,296 


979 


661 


15,061 




35,300 


1966 


12,181 


1,580 


1,083 


1,471 


990 


673 


22,348 




40,325 


1967 


11,895 


1,204 


774 






644 


26,971 


1,060 


42,547 


196B 


9,912 


664 


538 






786 


30,229 


1,063 


43,193 


1969 


9,155 


702 








729 


25,905 


811 


37,302 



1970 


10,375 


1971 


9,418 


1972 


9,897 


1973 


10,483 


1974 


9,776 


1975 


9,502 


1976 


11,373 


TQ 


528 


1977 


10,800 


1978 


11,040 


1979 


HA^ 


1980 


NA^ 


1981 




1982 


16,750 


1983 


14,980 


1984 


20,322 


1985 


27,298 


TOTALS 


270,611 



1,000 
1,300 



686 
68? 



780 
914 



26,240 
18,046 
10,443 
4,826 



1,029 
1,041 



, NA 
NA 
NA 
NA 
1,000 
1,360 
HA 



40,110 
31,409 
20,340 
15,30? 

3,222 12,999 
1,296 2,400 428 13,627 
2,164 1,414 14,951 
0 0 528 
2,160 1,370 15,330 
1,760 NA 14,160 

V 15,260' 15,260 

13,960' 13,960 
14,030' 14,030 
16,750 
14, 980 

20,322 
27,298 



NA 

NA 

na' 

NA^ 



17,351 11,213 34,727 6,399 6,482 186,069 5,004 2,360 8,842 6,?44 428 NA 43,250 59?, 67? 



1 Braduite fillaMihipi and GraduiU triiniiihipi are not reported iipiratily 
for 1979 through 19Bh 
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ly. B« RESEARCH flK9 RESOURCES 



YEARS 



SHS ASS flSI CHESi RIAS HCBE TOTALS 



1952 
1953 
19S4 

im 
im 

1957 
19SB 
1959 

1960 
1961 
1962 
1961 
1964 
1965 
1966 
1967 
1968 
1969 

1970 

1971 

1972 

1973 

1974 

1975 

1976 

TO 

1977 

1978 

1979 



397 

780 

891 
1,019 



0 
0 
0 
0 

0 
397 
0 

760 



1930 
1981 
1982 
1983 
1984 



321 
777 
1,000 
1,502 

649 
li088 
1,153 
1,138 



112 
882 
1,172 
1,353 

2,112 
1|470 
2,468 

2,393 
3,574 
2,255 



2,072 
1,004 
1,109 
221 
0 



4j009 
0 

4j430 



790 



1,212 
1,795 
1,112 
2,384 
1,172 
2,002 
1,088 
3,265 
2,608 
2,468 

2,393 
3,574 
2,255 
2,072 
1,004 
1,109 
4,230 
0 

5,220 
0 
0 

0 
0 
0 
0 
0 
0 



TOTALS 3,087 7,627 17,791 4,406 8,439 790 42,140 
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iRAND TOTALS 



YIARS 


!A 


le 


IC 


ID 


I! 


niA 


1952 


0 




V 


u 


y 


7 


1953 


0 


0 


V 


ft 
y 


ft 
y 


ii 

T 1 


1954 


0 


0 


y 


n 
u 


y 




1955 


0 




n 

V 


ft 
u 


ft 
y 


gig 


1956 




V 


ft 


ft 
u 


ft 
u 




1957 


9 352 


630 


ft 


ft 


ft 
u 


7 30 


1958 


1 1 1 lit 


779 
fit 


ft 
y 




ft 
u 


1 

1 ,qOj 


1959 




5,019 


ft 






7 i 01 


1960 


32,339 


4,522 


0 


6,731 


317 


7,153 


1961 


31,877 


5,082 


0 


5,413 


327 


7,618 


1962 


30. 929 


7 T>\ 




1 ii\ 


£7^ 


D 77a 


1963 


39,727 


7 , Q^ J 


ft 

V 




140 


in ftA7 


1964 


39,950 


15 07! 


ft 
y 


y , ItQ 




1^, 44 ' 


1965 


40,128 


9j271 


0 




ft 
y 


17 1 
14, 1 73 


1966 


40, 193 


9,917 


0 


t 971 


ft 
w 


9 417 

7, 


1967 


36.885 


11,690 


Q 


4, BD 1 


ft 
y 


7f <^4^ 


1968 


39,217 


13,307 




£ , Qyfv 


ft 


Ot yu| 


1969 


36,281 


7,711 


ft 


J., iBt 


ft 


JL J77 


1970 


41,590 


6,507 


ft 


1 9^1 

i , 7^1 


ft 


7 19^ 


1971 


34,852 


4,359 


0 


2,051 


0 


3,000 


1972 


31,592 


11,841 


0 


1,938 


0 


3,182 


1973 


17,513 


9,528 




t 9^*1 

1 1 7d J 


ft 
y 


d, q4j 


1974 


18,711 






i QRft 
1, tpU 




1 71 ^ 


1975 


14,727 


13 377 


1 , £^y 




1 , ua7 


1 799 
v; /44 


1976 




',417 


#16 


? SIP 




7 J^7 


TO 


285 


5 Gil 

£, Vl & 




7 


9ftft 




1977 


6,220 


8,720 


2,350 


4,320 


4,090 


3,200 


1978 


6,760 


5,550 


2,850 


8,020 


5,360 


3,380 


1979 


0 


8,180 


3,830 


6,130 


6,290 


10 030 


19B0 


0 


8,110 


5,680 


6,250 


7,250 


11,790 


1981 


0 


6,160 


4,710 


7,470 


7,370 


10,180 


1982 


0 


0 


0 


4,150 


0 


0 


1983 


0 


0 


0 


1,110 


0 


0 


1984 


13,874 


14,032 


3,036 


1,210 


1,952 


0 


1985 


25,015 


5,530 


4,656 


6,485 


7,168 


0 


TOTALS 


642,803 


224,961 


30,789 


103,676 


47,651 


169,450 



llIB 


IIIC 


HID 


HIE 


IVA 


IVB 


TOTALS 


ft 

y 


ft 

u 


ft 
y 


ft 
u 




u 


1,540 


ft 
y 


n 
u 


ft 


ft 


1 XLL 


0 


1,407 


ft 


u 


A 

y 


A 

u 


1,727 


0 


!,888 


ft 
u 


u 


U 


0 


1,784 


0 


2,100 


ft 
y 


ft 
u 


u 


A 

u 


9 ATI 

4,y// 


0 


3,511 


ft 


qQq 


u 


A 

0 


2, 0/7 


397 


14,698 


3d 


1 Lk 


u 


A 

u 


4,U44 


0 


20,190 


9i 1 


U 


u 


A 
U 


9,268 


780 


64,355 


1,897 


0 


2,872 


0 


9,865 


1,212 


66,908 


1,329 


0 


3,388 


0 


9,996 


1,795 


66,824 


i 7A9 

1 , 4Q7 


ft 


1 777 


ft 
y 


I4, 7U3 


1 1 i ^ 

1, 112 


78,581 


1 ftl ft 

y 1 y 


ft 

u 




A 

u 


t 7 Aid 

1/|U1p 


2,384 


90,997 


1 9ft2 
i , 7y^ 


ft 
y 


A ftS9 
Q, U3^ 


ft 
y 


*m ill 


1, 172 


102,580 


S 7fli 

w j 4B 1 


ft 
y 


^ i7Q 

3, TIT 


e,4Uy 


^AA 
43, jUU 


n A A^ 

4,y0J 


120,415 


7 0^4 
/ , yy 1 


ft 


A %QX 
Q| 3q^ 


7 Ilk 


lU, tf43 


1,088 


124,305 


7 , Bl u 


ft 


A 714 


J 9ftA 


49 ^11 


T 9tC 
4,463 


125,628 




ft 
y 


A 119 




n |Q7 


'3 f. Afl 

4,eQi 


134,456 


14 4R4 


ft 
y 


1 7IA 


4 Ai^ 
4| gig 


17 lft9 
y/| jy4 


4,468 


115,238 


ID, 0.^9 


ft 
y 


^ Dl 7 


A 
V 


40, 110 


2,393 


120,177 


8,918 


' 0 


5,417 


5,230 


31,409 


3,574 


98,810 


13,943 


0 


5,757 


2,881 


20,340 


2,255 


93,729 


7 79fl 


ft 
y 


1 0^6 

a, £47 


1 ^76 
1, 3/Q 


l3,ay7 


2,072 


62,234 


lA ftl9 
ID, yo7 


ft 


X 7^e 


7 ill 


14,797 


1,004 


80,70? 


11 9?i 

1 w, 74 1 


ft 


1 ft94 
^, U47 


T|§3g 


15,64/ 


1 1 AO 

1,109 


74,033 


IS AA9 

15, P54 


ft 

V 


t ^9i 


4,77^ 


1 i i 

14, 731 


4,230 


62,481 






A 

U 


A 
U 


528 


0 


3,657 


16,230 


0 


3,610 


2,970 


15,330 


5,220 


74,260 


20,600 


460 


2,900 


3s740 


14,160 


0 


73,860 


24,830 


0 


5,420 




15,260 


ft 


79 97ft 
f 7 , 7 / y 


19,040 


0 


5,110 


0 


13,960 


0 


77,190 


15,060 


0 


5,680 


0 


14,030 


0 


70,660 


0 


0 


0 


0 


16,750 


0 


20,900 


0 


0 


0 


0 


14,980 


0 


16,090 


0 


0 


0 


0 


20,322 


0 


54,426^ 


0 


0 


0 


4,838 


27,298 


0 


80,990^ 


!56,439 


1,314 


99,461 


61,626 


599,679 


42,140 


2,279|9a9 



1 Dots not includi ipprpxiiatily 13 f\ for RiiiirEh in Tiiching ind Liarning 
Progrii idiiniitired by the Dirictoritt lor BioIs|iciI and Behavioral 
Scitneii but apprsprUtid ts SEEi 

2 This figure is apprgisiiitily II H less than the total SEE FY 85 
expinditufes ihoiin in other sourcei. 
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NSF EDUCATION OBLIGATIONS 
1952-1986 



Source: 

Directorate for Science and 
Engineering Education 
National Science Foundation 



ERIC 



ia3 



National Science Foundation Education Obligations by Level of Education 

(in millions of dollars) 



UiVEL 

Tolil Total Pfrctni — - - __- _ 

F'^ea) NSF SEE SEE of Pfceollige Undefgraduaio Gfaduite Infofmil 

Vtar OollifS Dollifi Total 











% 


$ 


% 


S 


% 


$ 


* % 


$ 


1 Q^O 

1 33£ 




\ Rd 


AAA 


0 


u 


0.3 


.005 


99.7 


1.54 


0 


0 


1 W3J 


A A ^ 


1 .4 1 


3 1 .9 


0.7 


0.01 


2 


.03 


97 


1.37 


0 


0 


1 Q^^ 


/ .Uo 


1 ed 
1 -oa 


23.7 


2 


0.04 


5 


.09 


93 


1.76 


0 


0 


1 

1 






1 0,5 


0 


nil 
U.l J 


0 


.19 


85 


1.70 


0 


0 


1 


1 3'3a 


1 CO 


di.Q 


24 


A DC 

u.oo 


16 


.56 


59 


2.08 


0 


0 


1 ^^7 




1 A in 


J / .u 


/I 


lU.l b 


8 


1.14 


21 


3.00 


0 


0 


1 3 3S 


Q7 


1 3.£U 


Jo, 4 


00 


1 4.0/ 


13 


2.50 


22 


4.22 


0 


0 


1959 


132 94 


D 1 i£w 


A^ \ 


0 / 


4 1 .06 


1 7 


10,42 


16 


9.61 


0.03 


0.02 


1960 


1 58,60 


7d 




H E 

sD 




18 


1 1 .4 7 


16 


10.20 


0.5 


0,32 


1961 


1 74.99 


63 44 




0 1 




22 


1 3.96 


1 7 


10.78 


0.5 


0.32 


1962 


260,82 


83.60 


35 1 




R7 


1 0 


1 3iOg 


1 / 


\ A 11 


0,4 


0,33 


1963 


320 75 


98.72 


30.8 




56.27 


4a 


00 1 1 
*4./ 1 


1 D 
1 V 


1 Q.70 


0.4 


0,39 


1964 


3S4.Sa 


1 1 1,23 


31.4 


54 


60.06 


2 1 


51 IR 


Od 




n A 


i\ A A 


196S 


415.97 


120.4 1 


28.9 


44 




4 U 


1 1 T 1 


in 


Jo. 1 4 


fi 1 
U.J 




1966 


466.43 


124.30 


26.7 


42 


52.21 


26 


32.32 


32 


39,78 


0.1 


0.12 


1967 


465,10 


125,82 


27.1 


40 


50.33 


24 


30.20 


36 


45.30 


0.3 


0.3S 


1968 


495.00 


134.46 


27.2 


40 


53.78 


26 


34.96 


33 


44.37 


0.2 


0,27 


1969 


400.00 


115,30 


28.8 


39 


44.97 


26 


29.90 


35 


40.36 


0.2 


0.23 


1970 


'440,00 


120.18 


^ 27.3 


42 


50.48 


23 


27.64 


35 


42.06 


0.2 


0.24 


1971 


513.00 


9S.S1 


19.3 


37 


36.56 


22 


21,74 


40 


39.52 


0.4 


0.39 


1973 


622.00 


86.10 


13.8 


41 


35.30 


32 


27.55 


27 


23.25 


0.8 


0.69 


1973 


6^5,74 


82.23 


9.6 


39 


24.29 


28 


17.42 


31 


19.29 


1.0 


0.62 


1974 


645.67 


80.71 


12.5 


38 ' 


30,67 


36 


29.06 


24 


19.37 


3 


2.42 


1975 


693.20 


74.03 


10.7 


38 


28.13 


29 


21.47 


30 


22.21 


2 


1.48 


1976 


724.40 


62,50 


8.6 


12 


7.50 


50 " 


35.00 


28 


17.50 


4 


2.50 


1977 


791.77 


74.30 


9,4 


13 


9,69 


58 


43.10 


24 


17.83 


5 
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FOREWORD 



This section includes descriptions of formal and informal science educa- 
tion programs, primarily aimed at the K-12 level, that have been supported by 
the National Science Foundation since 1952. Most of these descriptions were 
taken from the annual reports of the Foundation. The year of the report is 
shown just below the program title. If the description did not come from an 
annual report, the source is shown on the individual program page. 

Although most programs extended over several years, we selected the 
description, regardless of year, that seemed to best represent the objectives 
and activities of the program. The reader should remember, however, that the 
character and activities of programs tended to change over time. To get a 
complete picture of any program, it would be necessary to review the annual 
reports for all years of program operation. 

The program descriptions appear in the same categories and order as the 
Program Funding Historv. 1952-1986 . 
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SUMMER INSTITUTES FOR SECONDARY SCHOOL TEACHERS (SISST) 
1959 



1. Summsr Instiiutis for Sscondary School and Colhge Tiachifs* — 
The surnmar ii^titutea for high school and collega teacheri have increaBcd 
from 2 in 1953 to 348 during the summer of 1959, They are deigned 
to improve the competence of the participating teacher by providing 
course that are ipecially aimed at overcoming defidenci^ in their knowl^ 
edge of the subject matter of science and mathematical Most of the 
participanti have completed their formal cou^ework a number of yeaiB 
agOy and others must teach course in science and mathematics for which 
they have not had adequate academic preparationi 

The institute vaiy in length from 4 to 12 weeks. The average in 
1959 was 7 weeks. The number of participanta in each institute in 1959 
varied from 10 to 150. 

Of the 348 summer inatitut^ in 1959» 30 were for college teachers 
only; 19 were for both secondary school and college teacheii; and the 
remaining 299 were for secondary sch^l teacheis only. 

Adequate balance in geographic diitributidn was maintained | for 
example, 57 percent of the institute were held east of the Mississippi 
and 43 percent were held w^t of the Missl^ippi, There were 5 1 sum- 
mer institute in New England and New York, 86 in the other Eastern 
Stat^ and the District of Columbia, 53 in the Southeastem Stat^, 52 In 
the Midwc^t^ 61 in the South wet and Hawaii, 41 in the Rocky Moun- 
tain and Northwi^t region (including Alaska), and 4 in the Common- 
wealth of Puerto Rico. 

The National Science Foundation grants provided funds for partici- 
pant support. The maximum amount awarded a participant was set 
by the Foundation at |75 per week for stipend, plus allowance for 
dependents and travel. While most institutes followed this schedule 
and granted the maximum allowable amounts to each awardee, a few 
distributed their available funds in smaUer amounta to more partici- 
pants. Many of the institute accepted a few registrants beyond those 
who received stipends. 

The National Science Foundation in addition awarded each host 
institution sufficient funds to pay necessa^ tuition and fe^ for the 
stipend holders. The Foundation grant also covered direct c^ts oc^ 
casioned by the institute to the extent that they exceeded the amount 
already allowed for tuition and fe^. 

One of the ^sential feature of this program b that the imtitut^ 
are managed so that the participants are treated as a special group and 
their identity maintained. They are usually housed together, and often 
spend scheduled out-of-cl^ time together in company with their 
instructors. 
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ACADEMIC YEAR INSTITUTES FOR SECONDARY SCHOOL TEACHERS (AYISST) 
1959 



Acedimle Yoor Initliufei 

Academic year institute are fuU-time| year-long progranu of study 
in science and mathematics deigned especially for secondary school 
teachefi in th^ flelds* Financial support for the teacher and for the 
h^t institution is provided by a grant from the Foundation. The 
murm of study are planned by the colleges and univeidU^ which 
iponsor them; ^ch institution suppli^ the facillti^ and adminiBters its 
own program. 

For the 1959-60 Academic Year Institute program. 32 coUeg^ and 
universities received awards^ The 32 institute repraent 32 different 
insUtuUons in 29 Stat^« Seven of th^ institute are in the field of 
mathematics only. whUe the other 25 give training in the principal 
science, as well as in mathematics^ Twenty^two of the institute wiU 
continue through the summer of 1960| 10 are for the academic year 
only. Supplementary experimental grants were made to three imtitutes 
for support of eight college teachers— "teachera of science'*— in each 
institute. It is ^timated that the 1959^0 program wiU give sup^rt 
to over 1300 teacheiB from all 50 Stat^. 

During this year» supplementary grants were also made to 19 of the 
1958-59 institutes to enable them to extend their programs through 
the summer of 1959 for about 450 teacheiB, 

Foundation grants to sponsoring institutions provide a maximum 
stipend of $3^000 per academic yeari plm additional allowance for 
dependentSi travel^ and bmks. Institution receive support for the opera^ 
tional cos^i so that teacheiB do not have to pay tuition or fe^. 
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IN-SERVICE INSTITUTES FOR SECONDARY SCHOOL TEACHERS (ISISST) 
1961 



iN-SE^VICe INSTITUTES 

In^Borvke ln$lllulm$ for leeondory SchQQl TeQchen 

In-Service InBtttutea offer instruction for teachei^ of science and 
mathematica during the academic year at times so chosen that the 
participants may attend while stiil teaching full time— e.g,, late after- 
noonai evenings, or Saturdays, These institutes provide an cKcellent 
opportunity for the sponsoring college and univemties to help secondary 
school teacheti who Uve within commuting distance^ 

During academic year 1960^1 a total of 191 In-Service InBtitutes 
for Secondary School Teacher, ofTcring inatruction for approximately 
8,900 participant^ received support from the Foundation, In the 
1961-62 school year, approximately 11|500 secondary school teachers 
\A\\ participate in 253 In-Service Institutes, Thb eKpandcd program 
provides support for promising new projects as well as substantial support 
for the continuation of inititutes which have already established working 
relatipi^ips with the teacheis and schools in their areas. The program 
reaches many teacheii who are not able, for various reaaonsj to attend 
summer or academic year institutes. 

Approximately half of the couna work offered in these institutes 
during tiie past year w^ in the field of mathematics^ while the remainder 
covered Ac range of the biological, physic^j and earth icienccs. 

In the 1961-62 In-Scmce Institutes programj about one-fourth of 
the grants are for sequential-type programs. Noteworthy among thcic 
sequential institute are four located in large metropolitan areas which 
offer teachaiB the opportunity to complete^ on a part-time basis, meter's 
degree programs essentially equivalent to those developed in academic 
year and summer institutes. 

About two-fifths of the institutes are directed toward subject matter 
which closely relate to new course content developments in the fields 
of mathematics, biology, chemistry, and physics. Three inititutes in 
radiation biology will receive Joint support from the Atomic Energy 
Commi^ion and the National Science Foundation, 
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21. SUMMER INSTITUTES FOR ELEMENTARY SCHOOL TEACHERS (SIEST) 
1964 



Eiementoiy School P®rsoiinel 

A major conaideration in providing supplementary training in science 
and niathematics for elementary school teacher is the fact that vei^ 
few of the approKimately 1|100,000 elementary Bchool teachen in the 
United States (kindergarten through grade 6) have any appreciable 
training in th^ subjects and are qualified to teach them. Conse« 
quently, the Foundation has chc^n nec^arUy to concentrate on train-« 
ing leaden vvho inayt in turny influence and instruct their colleague. 
This training is conducted in summer ii^titut^ for which participants 
are selected on a national scale and in the more numerous in^rvice 
Institut^i which are oriented to local needs. 

The iiutitut^ for elementary school teachera are directed toward 
Improving the subject-matter background in science and mathematics 
of ihme individuals holding key potions in ( 1 ) introducing the teach^ 
ing of science and (2) tmproving the teaching of mathematics in the 
elementary grad^. This group of individuals include specialist teach^ 
erSy subject-matter superviiors^ principals} and regular classroom tcachei^ 
who are leaders in science instruction in their schools. Most of these 
individunb have had minimal training in either science or malhemati^^ 
yet they are being called upon to lead their schools iii adjusting to 
new cunicular ideas which intr^uce science^ the scientific method^ and 
an understanding of fundamental mathematical concepts* As a r^ult 
ni gruits made in fiscal year 1964| about 3|350 elementary school ptr- 
ionnel in the categoric mentioned will receive training next yean ^is 
reprints a 37 percent incre^ in the number of individuals as compared 
wiUt last year's pardcipMts« 

Although funds for mstitut^ for dementary school petionnel wei^ 
increased ^ia years Foundation continues to receive many more 
meritorio^ prop^als for th^ institute tiim it can support and^ at 
the same time, the number of applioitions received by the grantee in« 
ititutions is about fiftem tim^ ^e number of plac^ available. The 
FoundaUon is considswg means of SMisting more teacheiB. One plan 
is to encourage Ic^al u^ructlonal proggmms supervbed by university 
identUt^ucatoi^ but staffed by locid secondary or elementary school 
teachers who have i^ceived ipecial bmining for the piirpo^. This ar- 
rmngement should materially reduce the opemting costs m weU as the 
manpow^ demand on coU^^ md univeraU^ 
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IN-SERVICE INSTITUTES FOR ELEMENTARY SCHOOL TEACHERS (ISIEST) 
1961 



In't&rvke Insr/fufds for MhrnMlary ScAdol P^nennel 

In-Service Inititut^ for Elenientaiy School Supeivkors and Teachers 
provide part-time study in the sciences and mathematics during the 
academic year. Gounes oflfered have been especially designed by col-^ 
leg^ and universities to meet the need for informed instruction and 
supervision in the sciencea and mathematics at the elementary school 
levch 

In academic year 1960-61 the Foundation supported 13 institutes 
of ihm type, with approKimately 400 teacheri, auperviioiSj and principals 
participating^ The 1961--62 program has been increased to 35 institutes, 
with training op^rtunities for approximately IfiSO elementary ichool 
personnel. Need for expanding thb program was mora than adequatdy 
demonstmted by the many local studies cited in the propose received 
and by the lack of foimal science instruction in the ^raining of the 
majority of elementary school teacher, 

Becausa of the vary small number of participants who receive training 
as compared with the number of elementary teaehei^ who need it| the 
institutes usually emphasize work with ^*key'' teacheiij specialist or 
supervisors who may in turn help other taacherii Muy institutes abo 
serve aa active cental^ for devdoping new materiala and lesson plans 
for elementary rchools^ Sevaral institute programs correlate their in^ 
struction with newly daveloped cuiriculum materials in mathematics. 
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23. SECONDARY SCHOOL TEACHER SUMMER FELLOWSHIPS (SSTSF) 
1959 



Summer NllowiMpf for Secdndai^ Siheol Tesfhers of Sclencg and 

MQlhemalfei 

New in fiscal year 1959| the program of Summer FgUowshipi for 
Sicondary School Teachm of Schncs and Mathematics ptrmltB second- 
ary school teachers of high ability to undertake individually planned 
programa of summer study to improve Uieir subject matter competence, 
and thus enhance their effectiven^ m teacheti^ 

Tenure from one summer of 6 weeks to three full aummei^ are 
available. Stipends total $75 for each week of tenure. In addition, the 
Foundation awards cover the c^t of tuition, plus limited travel and 
dependency allowance. The selection of 628 awarfc^ was made from 
1,578 applicants during 1959, the first year of the program, at a cost 
of approximately $1.5 million^ 

lupplemenfcil Treinitig for Teachtrf 
WhUe many factors combine in the ''effective" science teacher, the 
fundamental one is knowledge of his field* For a number of yeara, an 
bicreasing amount of support has been provided for programs which 
supplement the subject-matter knowledge of teachers— particularly at 
the secondary schod level, TTiis sup^rt, in the past, has been concen- 
trate largely in the now well-known summer institute. Growing 
pro^atm of Academic Year and In-Service InsUtuta have extended the 
opportuniti^ of secondary 5chix»l teachers to obtain supplemental sub- 
ject-matter trainingi TTiat the same problem exis^ at the college and 
university levels has been recogniied and u being dealt with through 
Summer Institute and Summer Conference for C3ollege Teachera and 
Science Faculty FcUovs^hips. 

A number of new programs in the area of supplemental teacher 
training inaugurated in 1959 have been dei^ed to boUlcr weak spots in 
the area of teacher qualifications; th^ progranu now span the entire 
spectrum from the demeniary and junior high schools through the 
graduate lev^. 

Seconda^ school teachers of science and mathematics differ widely 
in iht extent and quality of their subject-matter training. Many are 
t^ng to provide adequate insinsction to their students when they them- 
sdva have had little or no fonnal training in the subjects which they 
are teaching* Others are bona fide graduate students who need the 
opportunity to progrm in their fields of specialization. In the p^t, 
efforts have been made to reach both grou^— and those between the 
^trem^— through the institutes programs* Many summer imtituie 
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have been dmigned to reach teachers at particiilar le^^ within this 
range. 

Th^ tnBtitutc3 have not been adequate, howevefi to ierve the needs 
of the qualified of the secondary schod teachers of acience and 
mathemati^— those wh^ priinary need b to purMie graduate study 
toward advance degree in their Adds of spedidizatlon. For thU rea- 
soDp the new pr^ram of Summer FeUo%^ip8 for Secondary ^hwl 
Teaehera was d^ipied and intri^uced during focal y^r 1959. Hie 
mechanism of this program is very sinuli^ to that u^ in the Graduate 
Fellowship programi, and in the summer of 1959 the flrit awarder— 
elected by the Foundation through a nation^ competition and studying 
in their indtvidually dMgned progruns of study at the pitstltutioiu of 
their choice — began receiving stipends for duratloru of nnt to three 
summeri. 

The R^arch Participation for Teacher Training Program proNided 
another method of improving the prof«lonal competence of the b^t 
qualified science and mathematii^ teacheis in s^ondary schMls and 
college. This program made it po^Ible for teachen with an adequate 
subject-matter background to participate in ongoing r^arch proptims 
at institution with ^tablished r^arch tmditiof^ This ^perience 
provided the participating teacher an insight into sdence not gained by 
course work. 

Three unportant nov activiti^ dMgn^ for grou[B of sdsice 
teachers not previously included or to meet other special needs wei^ 
launched wi^n the institute framework. programs were di^ 

rected toward group of teachers of science, mathematics^ and engineer^ 
ing who^ needs hid not been met through other programs^ 

Growing recognition of the importance of ^ence ^ucation as a part 
of the general education progrm at the elementary school level led to 
the first tentative and ^perimental approach by the Foundation in this 
area—to help determine the r^ponstbilitl^ of the Foundation and ways 
In which it might b^t meet th^e res^nstbUiti^ A unaU progmm of 
12 Summer It^tltut^ for Elem^tary School Teachen and Superwoit 
was supported. 



COOPERATIVE COLLEGE-SCHOOL SCIENCE (CCSS) 
1966 



Coopdration In SchMl Systam Improvtrntnt 

Gurricular reform must ulUmately be canied out in the cla^room^ 
Vastly Improved matarialSi whedier supported by NSF or other sources, 
are of vital ImfK^rtance. How well they are used, however, depends pri- 
marily on the local ^hool system, Respomibility for the education of 
studenU r^ts with local school boards and school superintendents^ and 
their undeiitanding of the requirement imposed by improved curricula 
and the competence of their teachers governs the succ^ful adoption of 
the new materials^ 

The Cooperative College^School Science Program provide a means 
for NSF aMlstancc In the compIeK task faced by a school system when 
adopting improved materials and in other way^ improving Its uistmc^ 
tionRl nrn^am. This activity encourages collaborative efforts between 
school systems and neighboring colleges or universities, including con- 
suhaiftpu with experts who are welUversed In modem course content in 
science and mathematics. 

Grants are made only to the cooperating colleges or universltia, but 
the active participation of the school system is required for such activiti^ 
as designating the schools and teachers who will be using such materials, 
sharing some of the c^u, and ananging for teachers to undertake 
nec^a^ retraining. 

Each project suppgrted under this program can be individually tailored 
to the needs of the school system benefiting from the activity. Thus, de^ 
tailtJ planning may culminate in Intensive training si^ons for teachers, 
followed by a flexible arrangement for additional help in adapting the 
new materials after the teacher returns to the claMroom, 

Until 1066 the program had been directed primarily toward the sec^ 
ondary school level but it has now been expanded to include some ele^ 
mentary school science and mathematics, A total of 2,016 secondary 
school teacheri, 2,465 elementary sch(^l teacheis, and 1 ,544 secondary 
school students participated in 57 projects at 50 institutions. Program 
expenditure in 1966 were approximately $2 million, 

^ncentration on the needs of a particular school system permits a 
high degree of involvement by that system and ultimately should satisfy 
the training needs within that system for a reasonable period of time. 
Many schools should then be able to undertake their own teacher im^ 
provcment programs, using the models and contacts already ^ablished 
by the Cwperative College^School Science Pro^m grant. Some ex^ 
ainpl@ of progimms supported In^ this area will Illustrate the po^tblUtics, 
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Phyiks T^ac/ung in lAf SiaU of Afuioyri— Several physicists ffom 
college faGulU^ in Mteouri, with the cooperation of the Missouri State 
Depattment of Education, surveyed the academic qualifications of the 
State's physics teachers, and found vciy few teachen who could N con- 
sidered qualified according to minimal standards of course preparation. 
Four institutions, therefore, collaborated in proposing to the Natimial 
Science Foundation a massive upgrading of the ph^ics teachers through- 
out the State. 

Hie program began with a scri^ of spring meetinp and viiiu to 
schools, deigned to inter^t the teachers in the program of selMmprove-^ 
ment* Then, during the summer of 1966, approximately 25 teachers 
attended each of the 4 institutions. Th«^ who had the low^t level of 
academic prepaiation were given introductory background course work, 
while those at the high^t level renewed their familiarity with mathe- 
matics and advanced concepU of physics. 

TTic iummer scions were followed by periodic meetings concemcd 
with the introduction of better physics matiriab and experiments into the 
claMroom, with the State department of education retaining a strong 
interest in this ^pect* 

The program is expected to continue for 1 or 2 more years, involv- 
ing additional teachers and giving more advanced training in physics to 
the teachers at the lower leveb in 1966, 

This coordinated approach toward upgrading the teachers in a single 
discipline within a limited geographical area h^ already stimulated in- 
ter^t on the part of other discipline and other Stat^. 

EUmmtary Schoel Mait^mailcM in iMfg$ Urban School Syiiemi— 
The Madison Project, now based at Weteter College, Webster Grov^, 
Mo., has developed a coordinated set of materials designed to enrich the 
elementary mathematici program rather than to flupplant it. As a rault 
of this experience seveml large cities have decided to start their elemen- 
tary mathematics reform by introducing .Madison Project materials. A 
grant was made to Webster College, which conducted intensive famil- 
iarization scions during the summer in Chicago, New York City, and 
San Diego, fdlowed by frequent contact during the 1966-67 academic 
year. 

At least IfiW teachers wer^ involved in th^ scions. They fomi a 
nucleus of resource teachers in their own schools. Leaders from among 
them wUI conduct training for their own school systems with a minimum 
of guidance from the Webster College staff. At that stage the project 
will become self-iuppoiting, with the school systems a^uming full rapon- 
sibility for introduction of the program and training of teachen. 
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RESEARCH PARTICIPATION FOR HIGH SCHOOL TEACHERS (RPHST) 
1961 



fidissrch ParlMpQilQn iQf High Schdol Teashors 

This prograin providea opportuniti^ for high school and junior 
coUega teachciB of iciencc and mathettiiatics to obtain research experience 
with outatanding research acientista at colleges, universities, and non^ 
profit r^earch organizations. Teachers participate in research by actu^ 
ally working on an individual basis in the laboratory or in the fields Thm 
experience should improve the teacher's undei^tanding of science and 
of the scientiflc method and thus contribute to raising the level of his 
cla^room ii^ruction. The closer relationships between colleges and 
high schools resulting from this program should lead to better prepara- 
tion of high school students for college. 

In general, g teacher applying for this program is required to have 
a master's degree in the scientific subject matter, or an academic back- 
ground including sufficient advanced science courses to qualify him for 
admission to candidacy for such a degree^ although actual candidacy 
for the degree is not a requirement. ^'Graduat^" of institute programa 
are a prime target group. As in the college-level program^ some par- 
ticipants wiU continue in the academic year. 

The 51 grants made in this program in 1961 provide support for 
367 summer participants and 102 academic-year participant in a variety 
of disciplines in the mathematical, biological, physical, and engineering 
icienc^i and in psychology^ 
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26. RESOURCE PERSONNEL WORKSHOPS (RPW) 
1972 



Resource Personnel 
Workshops and 
Conferences 

Resource pcrsonnil projeets are de- 
signed to inform pre-college supervi- 
sory and teaching personnel about 
prospective new curriculi^ Supervisor 
Projects include short courses which 
provide the Inlonnation necessiry for 
educacional dtcision-niakeri — prin- 
cipalii directors ol education, and 
other school administratoi^ to con^ 
elude whether or not to adopt specific 
curricuU change for their schc^l sys^ 
tenis, Tliey also give thw supervisors 
the necessary background to support 
their ceachers should th^e new cur- 
ricula be impleniented. Other pre- 
college resource pe^nnel projects In- 
clude a course of 3 to 4 weeks' duni- 
tionp with some follow-up in the 
Academic Y^r Institutes Program 
discussed later. A major focus of 
th^ projects is to provide leadership 
training lor implementing new curri^ 
cula. Such projects typically bring to- 
gether a team consisting of a science 
educatori a ^chocl adminiscrator^ and 
a teacher to take the course, after 
which they assist their home school 
district In adopting the currlculiim 
improvements* 



In addition to funding the distribu- 
tion of Information about newly de- 
veloped courses and curiiculum mate^ 
rlab and providing courses on them, 
NSF supports conferences directed 
toward planning the cooperative de- 
velopment of new courses. At these 
conferencfjp sclentlstSi educators, and 
educational technology experts plan 
concise materials and curri^uln that 
can be fully developed in appropriate 
teacher-training Institutions. Students 
in pre-servlce teacher education pro- 
grams at these institutions help with 
the design, development, and testing 
of these materials. Together, the 20 
grants for these administrators' con- 
ferences and the 26 grants for the 
resource personnel projects provide 
various degrees of background or 
training for nearly 2,700 participants 
In fiscal year 1972. 
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PRE-SERVICE TEACHER EDUCATION (PSTEP) 
1969 



Pre-service Teacher Epuoation 

The Pre^sarvica Teacher EducaUon 
prngram, ^tablbhed in fiscal year 
1969, aiins at imprmng the pripara^ 
tion of prospective t^che^ of pre^ 
college science. It encourages univer- 
siti^ and 4-year college to develop a 
closer working relationship between 
their science departments and educa- 
tion departments in providing train- 
ing that will ofi'er undei^aduate stu^ 
dents both Increaied knowledge of 
subject matter in science and mathe- 
matics and greater ikill in oif anizing 
and presenting course materials. The 
Foundation believes that such an ap- 
proach to pre-service education 
should help to alleviate the need for 
early supplementaiy or remedial 
training of new teachei^. 

The program do^ not prescribe 
the curricula through which univer- 
sidei and colleges will achieve these 
goab, but emphasiies certiun curri- 
cular elements or characteristics that 
the Foundation views as highly 
desirable^ 

Prior to the fomal announcement 
of this new pr^ram ui March 1969^ 
the Foundation had supported sev- 
eral pilot projecti to ex^riment with 
approaches to improving the pre-sen;- 
ive education of science teachers* 
Among th^ were efforts conducted 
by the University of Georgia and five 
other units of die State of Georgia 
system^ the Illinois State University, 
the State University of New York 
College at Plattsburgi and the Ne- 
braska Board of Education of State 
Normal Schools* 



The six grants, totaling $678,600^ 
made in this pr^ram in fiscal year 
1969 provide funds for the continua- 
tion of some of the earlier efforts and 
for three new projects (a lummer 
project concerned with practical 
meth^s in science teaching— East 
Carolina Univemty; a 3-y»r project 
for pr^rvice teachers with double 
majors in any two of the following f 
physicsi chemistry, mathematics^ — 
University of Pittsbuigh, Pennsyl- 
vania; and a 4-year physics project 
that include opportunities for under- 
graduate participants to construct 
and t^t their own instructional 
units — Austin Peay Stote Univeraity, 
Tenn^see) . 

Emphasis in the early ymi% of the 
Pre-service Teacher Education Pro- 
fH'am will be on the education of 
prospective secondary school teach- 
ers, but bime attention will also be 
directed to projects for improving the 
preparation of elementary school 
taachen^ 
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56. COMPREHENSIVE SYSTEMS TEACHER CENTERS (CSTC) 
1971 



NrW pATTtRNb IN 
TtAf MlH EpL CATION 

The two lop layers of the figure 
on p. 74 re present new ways to organ- 
ize teacher education! both initiated 
in fiscal year 197L Activities include 
both pre-servica and in-iervice teach- 
er education components and place 
strong emphasis on interaction with 
schools in the region of the host in^ 
stitution to help meet their needs. 
Five Comprehensive Grants were 
awarded in fiscal year 1971 to the 
University of Mississippip University 
of Notre Dame» San j^e State Col* 
lege, the University of South Da- 
kota, and the University of Wyom- 
ing. 

The Comprehensive Project at the 
University of Wyoming is a good ex- 
ample of this new propam. The 
University of Wyoming has been 
continuously enpged in teacher ed- 
ucation activities since 1954. These 
activities have increased the univer- 
sity's interest in the education of sec- 
ondary school teachers of science 
and developed a close working rela- 
tionship between the university and 
the high schools of the State, 
Through the Comprehensive Proj- 
ecti a system of "portal schools" will 
be developed throughout the State 
to serve as centers where teachers 
will be trained in the use of newly 
developed curricula and materials. 
Conducting these in-service pro- 
pams will be teachers who will have 
been trained in summer and aca- 
demic year programs at the univer- 
sity. The "portal schools" will also 
provide prospective science teachers 
with the opportunity to work under 
the guidance of a master teacher. An 
associated intern prop'am for post- 
baccalaureate certificated teachers 



will permit both the interns and the 
experienced teachers whom they will 
in part replace to acquire appropri- 
ate advanced training. Also part of 
the program are a disiinguiihed pro- 
fessional chair in science education, 
extension of activities to neighbor- 
ing StateSi and a science teaching 
center to serve as library* research 
center! and coordinator of project 
activities. 

The systems approach, repre- 
sented at the top of the tetrahedron 
on page 74, attempts to focus the 
now more or less independent edu- 
cational efforts of Federal, State, and 
local government, and of private 
agencies on regional science educa- 
tion needs. In this context, a system 
is defined as an intepated group of 
interacting agencies, designed to 
carry out n predetermined function. 
The agencies in question may in- 
clude institutions involved in the 
education of science teachers; a State 
department of education* other 
State and Federal agencies; cooper- 
ating school districts; private foun- 
dations, and Industrial and business 
organiiaiions. The function to be 
performed is to be expressed in 
terms of objectives and related to the 
overall plans for science education 
in the region. 

The first experimental grant for 
this approach was awarded in fiscal 
year 1971 for the Del NIod System, a 
State-wide coordinated project in 
Delaware planned cooperatively by 
the University of Delaware, Dela- 
ware State College, Delaware Tech- 
nical and Community College, the 
Delaware State Department of Pub^ 
lie Instruction, the ichool systems of 
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Delaware, the DuPont Company 
and the National Science Founda^ 
tion. It is organized around two con- 
cepti: Science Resource Centeri and 
Science Edueaiion Field Agents* The 
four Science Resource Centers will 
serve as focus for various aspects of 
in-service and pre-servlce teacher 
educationi as sources of materials^ 
and as bases of operation for Science 
Education Field Agents, The Sci- 
ence Education Field Agents will 
provide liaison between the Institu- 
tions of higher education and the 
school systems in roles somewhat 
similar to County Agricultural 
Agents, ha%'ing major responsibility 
for In-servlce education and for Im- 
plementation in the schools. .Around 
these key concepts will be built a 
comprehensh'e mix of acti%'ities for 
in-service and pre-servlce teacher 
education^ including the develop 
ment of curricular materials In ma- 
rine science and population studies, 
with related curricular changes and 
new teaching strategies In the class- 
rooms of the schools In the State. 
The implementation phase has been 
planned In close consultation with 
the 26 school systems in Delaware 
whose cooperative Involvement will 
Increase as the project develops. At- 
tention will also be devoted to tech- 
nical education, initially through 
the development of a science educa- 
tion technician program at Dela- 



ware Technical and Community 
College. In the first phase of the 
project, the major thrust will be sci* 
ence in the middle scHmU, with ex- 
pansion to include the role of math< 
ematics in science (a pilot matheina- 
tics project is Included in the firit 
year) , and eventually ^imce and 
mathematics, kindergarten through 
12th grade. A continuing and sub* 
suntive prop^am of testing and eval- 
uation, starting with the collection 
of base-line data and designed to 
measure changes in both achieve- 
ment and attitude, will be an in- 
tegral part of the projects 
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28. PRECOLLEGE INSTRUCTIONAL IMPROVEMENT AND IMPLEMENTATION (PIII) 
1974 



JnsfrucfionQl Improvfmfmr 
ImphmentQtion 

A major restructuring of 
impleiTientation activities at the prp- 
coUege level was accDmplished in 
fiscal year 1974. Attention is now 
focuied principally on bringing inno- 
vative curriculum materials into the 
clesiroom and orienting the educa- 
tional staff of schools and snhnnl 
districts in the appropriate use of the 
materials the\' ha\e chosen. 
Implementation grants are cate- 
goriEed as: (1) Qrientofion of c?durn- 
t jonpi leodefs— involving teams from 
selected regions to become thor= 
oughly familiarwith one or two of the 
major curriculum projects sup- 
ported by NSF so that local training 
can be handlod by members of these 
teams, and familiarising education 
system decliionmakers v^'ith nesv 
eurrlculym developments to in- 
crease thiir understanding of their ' 
options for improvement of instruc- 
tion in the sciences and in mathe- 
matici; (2) school system^cenlered 
pro/fcti^for ichool systems com- 
mitted to full implementation of one 
of the new curricula in their class- 
FOomi, in collaboration with local 
colligei to strengthen the quality of 
teacher training: and (3) tescher-cen- 
tered pro/ecis^to permit individual 
teachers who have leadership roles in 
their own schools or ichool systems 
to gain thoroVigh background in one 
or two cyrricula so that they may try 
put the materiali in their local situa- 
tioni prior to a commitment for wide- 
spread adoption. 

This year grants were awarded 
costing S5.9 million for elementary 
school implementation activities^ A 
total of teachers, supervisors, 

and other reiource personnel in 
science and mathti.,atics partici- 
pated in 157 projects. 
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29* PRECOLLEGE TEACHER DEVELOPMENT IN SCIENCE (PCTD) 
1979 



Pre^Collegt Teaaher 
O#velopmant In SelenGe 

In its third year of operation, ihii pro- 
gram continuos to stress the improve^ 
ment of the teacher's knowledge of the 
subject matter of science and to improve 
communication and cooperation between 
elementary or secondary school teachers 
and college or university scientists. Proj- 
ects are designed either for summer or 
for academic-year activities. Of the 1J,0M 
participanti in the 1979 program, IB per- 
cent were teachers from elementary 
school, 50 percent from middle and junior 
high school, and 32 percent from senior 
high. 

In one academic-year project at San 
Francisco State University 70 middle and 
high school teachers used earthquake 
awareness to develop insights into fun- 
damental principles of science and as a 
theme around which to teach science. 
The seminar drew on the expertise of 
research scientists in the Bay area. 

In another project the University of 
Arizona conducted a four-credit, four- 
week summer course, "Mineral Resource 
Technology and the Environment," for 
middle and high school physical science 
teachers. The course demonstrated the 
role of the physcial sciences in mineral 
resource technology and in the mineral 
resource engineering disciplines and 
provided a comprehensive overview of 
the social, environmental, and economic 
impacts on Ariiona of mineral resource 
development. 
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LEADERSHIP ACTIVITIES FOR PRECOLLEQE TEACHERS 



LEADERSHIP ACTIVITIES FOR PRECOLLEGE TEACHERS 

Ob]€0tiv€S of the Program 

• Identiry e cadra or welMrgined and highly skilled ele- 
mentary and secondary school master teachers, 

• Provide teachers experience with up-to-date content, 
developments in educational technology, teaching 
methods, and research in teaching and learning they 
can use to enrich and improve instruction. 

• Provide efr^tive opportuniti^ for in-service, peer teach- 
ing supported and encouraged by schout administra- 
tions and community r^ourc^ in the region from which 
the teachers are drawn. 

• Provide the teaching community with people trained 
to implement improved education in mathematics, 
science, and technology effectively and widely. 

• Recognize and honor precollege teaching profession- 
als and provide role models, including women, minority, 
and physically^handicapped master teachers. 

• Provide an incentive to establish cooperative and col- 
laborative regional partnerships among schools, coU 
leges and universities, the private sector, and others 
that will continue to use the human resources deveU 
oped and that will build upon projects initially funded 
in part by the NSF. 

• Develop leadership programs that serve as a magnet 
for attracting the most talented individuals into educa- 
tion. 

Saope of the Program 

Appropriate proj^t activities may include, but are not 
limited to, seminars, conferences, research participation 
opportunities, and workshops designed to ^pand the^ientific 
and/or mktheraalical knowledge base of teachers who have 
a solid foundation in these areas. Projects should provide 
the training for participant teachers to take leadership roles 
in in-service training of their peers in their home schools 
and communities. 
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ProjecU should be designed to engage teachers, school 
administrations, and the comfnunity as meaningful ^Ilabora- 
ton with a commitment to extend the impact of the master 
t^che^ when they return to their home schools. It is cxp^t^ 
thai support and encouragement will be forthcoming from 
the home school and project staff and be part of the project 
plan as the master teachers randuct training sessions for 
their colleague, 

Charaaterisllas of Leadership Aotlvltles 

Uffective project planning and development will usually 
involve pr^ollege teachers with appropriate e?ipertise and 
background to help guide program design. 

Projects should provide for Intensive, hands-on sesslonb 
fur teachers to learn in depth about one or more recent 
developments in their fields of speciali:£ation, including the 
results of research on teaching and learning that might 
have an Impact on their instruction. Teachers should have 
the opportunity to work with the b^t instructional malerials, 
educational technology, and teaching mcihods related to 
the content of the knowledgcMntensive sessions and time to 
adapt these materials and methods for use both in their 
own classrooms and laboratories and for the instruction of 
their peers. Adequate time should be scheduled to allow 
teachers to interact in a meaningful way, professionally, 
with the other teacher participants and project staff. Sev- 
eral weeks of sustained effort will probably be required to 
provide adequate time for these activities. 

The outcomes of these projects should include: 

• teachers of science and mathematics who are confident 
of their grasp of the new knowledge and meihods 
obtained; 

• leaches prepared to car^ what they have learned back 
into their own teaching and to conduct staff develop- 
ment and in-service continuing education for their 
colleagues. Such cadres of master teachers, as they are 
developed, should play significant roles in local and 
regional teacher development projects; and 

« improved materials and methods, collect^ and adapted 
by the participants, for use in their clas^ and in presenta- 
tions in their home schools. 



Source I NSF/SEEp ProRram Announcamant ; Taacher Enhancemant and Informal 
Sctanca Education , NSF 85-9, April 1985, 
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LOCAL AND REGIONAL TEACHER DEVELOPMENT 



LOCAL AND REGIONAL TEACHER DEVELOPMENT 

Ob]ecUv03 of Me Program 

* Assist iTCal and regional conimunittes in their efrorts 
to provide apprdpriate continuing ^u^tion and pfote^ 
sional development opportunities for elementary and 
s^ondary teaehers who lack mathematics and science 
background for the courses they teach. 

• Assist in identirying and developing cr^tive approach^, 
including telecommunication and computer networks, 
to Improve the tcten^ and mathemati^ knowledge 
base of elementary school teachers and non^ertined 
secondary school teachers. 

« Provide teachers experience with developments in edu- 
cational technology^ teaching methods, and research 
in teaching and learning they can use to enrich and 
improve instruction. 

* Provide an incentive to establish cooperative and coU 
laborative partnerships among schools, colleges and 
universities, the private sector, and others that will 
continue and build upon the projects initially supported 
in part by the NSF. 

• Provid'^ an incentive to examine the roles that women, 
minorities, and the physically^handlcapped are playing 
in the local and regional educational setting and to 
develop ways to increase their access to activities and 
careers in mathematics, science, and technology. 

Scope of the Pragram 

Appropriate project activities include, but are not lim- 
ited to, part-time and fulUtime courses, seminars, and work- 
shops dealing with: 

• content in mathematics, science, and technology; 

• application of education technology, such as comput- 
ers and telecommunications, to the teaching and learn- 
ing process; 

• new or improved instructional activilitt, delivery systems, 
or teaching practices in mathematics and science; and 

• procedures to increase teacher crrcctiveness with vari- 
ous groups of students, including women, minorities, 
and the physi^lly-handicapped. 
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In addition to classroom^OFientdapproach^^, activiltes 
might inciude. For example, delivorpta electronic media, 
using muieums and science centers, or research experiences 
in a college, university, induitrial^of national la^boratory in 
carefully designed programs to provide efTective education 
and professional development. 

CharaoteristiQi of Looal und 
Regional Teaaher Dtvelopinenl 

Effective project planning and devdopment ^ill usually 
involve prccollege teachers with appropriate expertise and 
background to help guide program design. 

Projects should be designed to addrsss local mnd regional 
problems or needs, and evideri^ for such, need should be 
included. The proposal should explain why ttiLls project is 
particularly appropriate to these nccdi. Proposed solutions 
should draw upon the best available approaelm^, adapted 
to local circumstances, and all avallible resou^^^, Include 
ing local and regional cadr^ of miitr imchmrm^ as appro- 
priate. Projects designed to incfeaseteache^' knowledge of 
content and/or methods new ioihem should provide 
intensive, hands-on practice. 

Activities may vary in lengih according to their scope 
and the type of participants. They may be con. ducted dur» 
ing the academic year, the iummefjOr both. .^^1 least sev- 
eral weeks of sustained effort vvijipfobably required at 
some point to provide adequate depth for ladling profes- 
sional development. There should bea plan for the instruc- 
tional stafT and/or local master teachers to support, encour- 
age, and advise the teachers m they begin to li^e their new 
knowledge in the classrooin and laboratory, ^^elhods for 
assessing how well the developmeniand tcachi ng improve^ 
ment goals of a project are tnci ihould be an Integral part 
of the project plan* 

Activities may take place at acQllege or university, a 
local or Slate educational facility, an academic «r industrial 
laboratory, a museum or nature cenler, or in other appro- 
priate settings, A^demic credii, orlhecquivalen^^ for teacher 
participation is encouraged, where appropriate The actlvi- 
lies in which the teachers participaieihould be designed to 
be appropriate for their needs. Where standard undergraduate 
or graduate courses are part of a project, their inclusion 
should be justified on the basis of the ass^sed needs of the 
target audience and the local pfQblani(i] to be addressed. 
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In som^ c^^^Bcs the projects may run over two or more 
years, perhap— ^ even continuing Indennitely, In all cases, 
locgl and re^monal support from partnerihips of collgges 
and universUi^^, local and state education agenoUs, buii^ 
n^si and indu^=tr^« cultuml institutions, and oth^ri is enptqd 
to be combin^^d with NSF support for the projects^ For longer 
term projects* propoials should contain an eicpltcitplan for 
decreasing M^5F support and increasing local and regional 
support— lav^^-erd the goal of full and sustaining local and 
regional supp«ort. 



Source: NSF/SEl, Program ^.^mouneementi Teacher Egh incement and Informal 
Science Education, NSF 85-9 ^ April 1985, 
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PRESIDENTIAL AWARDS FOR EXCELLENCE IN SCIENCE AND MATHEMATICS TEACHING 



PRESIDENTIAL AWARDS FOR EXCELLENCE IN 
SCIENCE AND MATHEMATICS TEACHING* 



This is a Praidential initiative to provide national mog^ 
ttition for diitingulshed secondary school teachers of sci- 
moe and maUiemati^. T^diesi whote primary r^onsibility 
k elassroom teachtng of science or mathemati(^ at grades 7 
through 12 in an accredited school In any of the fifty states, 
Puerto RicOf or the District of Columbia are eligible for 
this awards In additionf a minimum of five y^rs' t^chtng 
e?iperience in science or mathematl^ Is require. Awdr dees 
r^eive national le^^nltion and their schools receive $5,000 
to be used under the awarder' directions for instructional 
purposes in their school districts. 



*This d^riptlon is provided Tor information purpose only. No applici^ 
Uons Of pfopMb am sou^t for Fr^id^tial awards via this announeemenu 



^^ourcei NSF/SEE, program Announcemanti Teacher Enhancamant and Informal 

Scxenea Educatloii^ NSF 85-9, April 1985, 
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SCIENCE AND MATHEMATICS EDUCATION NETWORKS 



SCIENCE AND MATHEMATICS epUOftTlOfl NETWORKS 



Obla^ves of tttt Program 

* Enodurage the developmenl of subsUndal lo^l mnd 
regional mour^-iharing netwdrks and ^lUborilions 
that may indude, among oth^ t^^im, sdioots, laail 
and itata ^u^tion agenda, college and universiti^, 
buiin^ and tnduitry, and cultural and profesiiona! 
organizfltioni, designed to aecdmpUsh the objMtv^ 
afthis activity. Cdllaboratlons that take advantage er 
aviiUbla oirricula and materialit m^hodt, and human 
r^urc^ and enpertise and* as n^^sary, appropriate 
communieations teehnology for diiseminatidn are 
encouraged, and an inrormatton brokering role is 
assumed by the NSF In helping them develop, 

* Provide opporlunUi^ for leaehers, school adminiitmtori, 
eduealionit d^bion-makers, and lo^l and state ^umr 
iional agenda to l^rn about new and alumatsve initmc^ 
lionil materials, classroom teaching technlQUei, and 
recent r^^rch Rndinp thai may have m^ningrul claM- 
room applications for teaehing mathemati^ and sci- 
ence at the pr^o liege level. 

* Provide proresslonal support to lo^ml mathemati^ and 
scienee leaehers by introducing ihem to new materials 
and teaehing teohniques^and by providing a continue 
ing source of in formation and advice on how these 
innovations may be put to practical classroom use, 

* Build bridges between edueational produet developers 
and distributors and users, ineluding teachers and lo^l 
and state edueation agencies responsible for produet 
selection, to help producers better m^t the needs for 
eneciive mathematics and seienoe instructional materials, 

* Establish mechanisms for disseminating information 
about rsouroe materials for efricieni and cfTceiive cla^- 
room instruciton, 

* Initiate collaborative, coherent^ and eonstructlve pro- 
grams to help i^chere, school administmtors, and school 
board members translate the results of researeh on 
teaching and learning into classroom practice. 

* Develop r^uree'Sharing networks augment^ by effe- 
live and appropriate use of telecommuni^lions and 
computer networks, thai will serve the scientinc and 
instructional needs of local school districts and will 
continue after NSF support has lermlnaied, 

Charaot#r!stias of the Program 

R^uree-sharing networks for di^mination of informa- 
tion On the sucmsful curricula, methods, materials, and 
human resources available in wclUdeflned geographical 



regions oflhe eoiiit^^try are encouraged. The planning, 
^^ticn,ind iUpp^ort of thm networking activiti^ will 
Involve ttUoratlan and cooperation mmong many people 
(pre^Ik|eand ^oll^^^e teaehei^, adminiitrators, parents, 
bUiln^ptfioni, etc^Bf and instttutions (local and state edu^ 
catlciil ii0k$t Qdl^Seges and universities, buiiness and 
Ifl^is^ti^tPfOf^ionmsl societi^, and cultui^l instUutions)^ 
Coop^ralN €(Toris ^ ^ill be based on sharing and using 
id^nlin£^ilf^n|ths (Astound in the region to meet needs and 
Iffiprdve miih^mttl^^s and science ^ueation throughout 
th^ region, N^twork^Sng projects developed in this way are 
likely tocsM of a ^substantial number of individual, cor- 
related byllndepenclMent activities that, together, m^t the 
ovefi^ll n^^^ of a p^mrticular region. Discrete projects that 
focus mole nirro\^l^^ on a particular need and consist of 
relativeljffs^ictivlti'^^^ are also supported by this program. 

Whalbin discre^.^^ projects or as part of a collaborative 
ii^t>^Qrk,lliii|)rogra % rn encourages sharply focused Individ^ 
u%\ pr^jd iQtiviii€^s designed to engage the participants 
actively wiiMhe inforarmation printed. TTie individual acttvi^ 
ti^ ill ifiinformatt*;on project will often be of relatively 
ihort dufilion, a fe^^w days to a week or so, and concen- 
trate^ cniipecific t»<3pie to insure depth ofcoverage can be 
g^rtipliilrf in a sh^ort period of time. Projects might embody 
a eohefefllcoliectlc^"^ of such activities that provides bro^d 
covera|eofa topic* ^ but extended over a longer period of 
tim^* foff^ampla, a series of weekend workshops each 
focuiifipiiadifreferant problem solving technique. The timing, 
ej^teni ofcoverage of topic, and rate , of engagement of 
paftiglpili should be a function of the proJect^s stated 
rte^ds, 

Olhcfctoctcfis^^^tics of netwofking projects include, but 

are nolliiiiUd to; 

* helpinltg d^fir^^e and respond to the educational needs 
ofipjcine geo^gr^phic regions: 

* pfgvidini a com ^tinuing source of information and advice 
ie[|ial£achefs.^ ^ principals, and others astratning is put 
inlopf^ctict \r^% the classroom; 

* cKlijn|ing int^iormation about demonstrated collabo^ 
raiivcsffofls a^ ^mong teachers, schools, local and stale 
cWon agem@cies, professional societies* colleges and 
unMi^. bu^^in^ and industi^, cultyral institutions, 
yndolh^rs in ^^hc planning, execution and support of 
the project; 

* hdping educaL^ors and planners develop long and short 
tcrmprigriiies- - for gaining and using information; and 

* demoniiraiin i g alternative solutions, increasing the 
pltdpania" ^^wareness to possible alternatives, and 
Nplni iheni ttto develop their strat^'i^ for choioe among 
llKiil. 



Sourea' NSF/SEE, Program ^Announcemant i Te ic hgjjnhaBg^^ggg^ Informal 
Sclanca Education , NSF 85-9 , April 1985. 
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MATERIALS AND METHODS FOR TEACHER PREPARATION 



MATERIALS AND METHODS FOR TEACHER PREPARATION 



Objeotiv© of tho Program 

This program fiupportsi 

• the development of creative new mater ,als and model 
programs that are designed to improve the preparation 
of undergraduate students to become elementary or 
se^ndary ^hool teachers of mathematics, science, and 
technology; 

• the development of creative new materials and model 
programs that are designed to provide effective con- 
tinuing education to teachers of mathematics, scien^, 
and technology throughout their carws; 

• the development of creative view msiertsls *ind rnnJeil 
programs that are designed to enable individuals o[ 
high ability in malhematics, science, and engineering 
to enter teaching at the prenollege leveU 

Seopo of tho Program 

Appropriate project activities include, but are 
not limited to, the following; 

• the development of specialized materials, courses and 
software designed for ourrent or future teachers to 
provide them with the basic knowWge in sci^ce, matha- 
mati^ and technology ntc^mty to become and re- 
main effeetive precollege teachers; 

• the development of materials or model programs to 
acquaint current or future teachers with the resulu of 
research in the cognitive sciences on effective methods 
for teaching and learning mathematics, scienco and 
technology; 

• the development of materials or programs that demon- 
strate effective science teaching strategies for reaching 
students with special needs such as those who ar^ gifted 
and talented, women, minorities, and/or physically 
handicapped. 

• the development of materials or model programj to 
strengthen the mathematics, science, and technology 
knowledge of teachers who are currently not wtified 
to teach in these subject areas, or to strengthen the 
t^chmg skills of scieniisis, maihematicians or engineers 
who wish to become precollege teachers. 

• the development of model programs that test, demon, 
itraie, and evaluate innovative approach^ to the under- 
iraduaie preparation and continuing education of pre- 
^ilege teachers of science and mathematics. The de- 
sign of prototype suitable for wid^pread idopUon and 
use by lo^l ^ucation agenda is ^p^ially encouraged. 



CharaGtorlfltloa of the Program 

In addition to the general characteristics described above 
for all materials development and research programs, the 
followmg points are pertinent. 

The anticipated outcomes from projects funded under 
this program are materials and model programs that are 
iiKeiy to.! 

• provide teachers entering the profession with a strong 
grounding in mathematics, science, and technology; 

^ assure that teachers are cognizant of techniques that 
are efTective for the teaching of science, mathemati^, 
and technology, as well as techniques appropriate to 
di^erent learning styte and itudent needs; 

* provide teacheii with appropriate m^haiiiims and ma- 
terials to assure fimi their teaching skills and expertise 
arc maintained througliout their careers. 

Proposals should address not only the rationale and spec- 
ific plan for developing materials and model programs, but 
also the methods that will be used for evaluation and dis- 
semination of the products. 

Note: For other NSF programs that relate to teacher 
development, consult the Program Announcement for 
Teacher Enhancement and Informal Science Education 
(NSF85-9). 



Sources NSF/SEE, Program Announcement^ 
Materials Development and 
Researcji , NSF 85- 10, April 
1985/ 



24 



164 



54- COURSE CONTENT IMPROVEMENT (CCI) 
1960 



CufHsylym Imprevtm^nt 

A second major Foundation policy move in the field of ecience educa^ 
lion came with Uie inauguration of projcctj designed speclflcally to 
improve science curricula within the Nation's schoola. It woa recognized 
early in the Foundation's hbtory that, too oftcni science courses were 
being taught on the basb of outmoded textbooks and obsolete theories. 
Although teachers and school adminbtrations had tried to keep up with 
rapidly evolving scientific disciplines, there existed no systematic channels 
through which they could learn of th^e changes in a manner deaigncd to 
enable them to incorporate the knowledge into their classroom situations* 

The Foundation also recognized that it was in the national interest to 
involve broadly bued groups in action programs to remedy this problem. 
The problem had been identified; further discussion would not contribute 
to a solution unless the groups concerned were committed to produce 
specific materials useful to the classrooms at various levels. 

Similarly, the NSF has scrupulously maintained the principle that, 
although classroom materials might be produced with the aid of the 
Federal Government, the Government has no control whatsoever over 
the content of th^ materials nor over their distribution. This remains 
in the hands of the scientists. The Government has no mechanism to 
"sell" the materials produced; the aim is merely to make available 
classroom materials that, if they are indeed better^ will sell themselves 
to the schools needing them. 



Couria Cenlent lmprev#iiiMff Pregrsms 

Modemuing the content of science and mathematici curricula and 
courses, as wsU as all tyf^ of aids to learning and teachings is ^ential 
to upgrading education for today's age of science. Content, adapted to 
the learner's level, must continuously reflect science as on-^going inquiry 
and science at the level of undentanding achieved by current knowledge. 
The purpose of Uie Foundation's Course Content Improvement Pro- 
^rmim k to provide support for projects which engage the Nadon's 
' mi tdent in the difncult and urgent task of achieving th^ goals^ 

Th^ programs have evolved steadily since 1954, The complexity 
A problenu in this domain, together with their far-reaching implications, 
led to an initially cautious approach through relatively small grants for 
a variety of exploratory studio. Support increased considerably in 
fiscal yeais 1957 and 1958, when the first major effort was launched— 
the development of a new high school ph^ics coum. The r^ults and 



25 



165 



EKLC 



succ^ of pilot projectip along with grovying realization among flrit- 
rank scientbta that iuch cfTorta merit high priority among their r^ponsi^ 
bilitic^; Jmtified a further substantial increasa to about $6 million 
annually in &cal yeati 1959 and 1960. 

First priority has thus far been given to new course id materials 
for secondai^ schools, nearly 85% of program funds i^uag allocated 
to this educational level during the f^riod 1954-1960. In addition to 
continuing sutetantial support for high school projeciis, major effort must 
be focused u^n the Impruvement of eollege and univei^ity progranUj 
both through undertaking involving nationwide teams of scientuts, 
mathematicians^ and engineeii and through modernization of cugricula 
and coupes within the great diversity of higher educational institutior^ 
and scientific and engineering fields^ Also, recognition of the vital 
importance of elementary and junior high school ^perience In develop^ 
ing proper attitudes and laying the groundwork for sutoquent schooling 
maka imperative a thorough study of science and mathematics cur- 
riculum improvement at this level. 

Evaluation of projects supported by th^ programs points up two 
important ^^cts of course content improvement i flfit, assurance of 
excellence in contenti for which perha]^ the b^t guarantee is develop- 
ment and constant improvement of materiab by top-level scientistSy 
working with outstanding teachem and other experts; secondp determin- 
ing pedagogical feasibility through school trial, careful study of r^ults, 
and revision of materials baaed thereon— an Integral element in mmi 
projects. The widespi^ad Inter^t in couiie content devdopmenU Is re- 
flected in the great number of requ^U for infonnation received by the 
projects, the Foundation^ and other organizations^ Substantial inter^t 
is abo emerging in Europe, Asia, South America, and other parts of the 
world. 

Ceurs* Cdnttnt Itudiei and Davtlepmant 

EhmmnlQfY'JunlQr High fchoof 

Foundation support for course content studies and development for 
elementary and Junior high schools continued to be quite limited in 
fiscal year 1960 because further study of the problems involved and 
clarification of the Foundation's r^ponsibilitli^ are still required, Th^e 
studio arc now underway. 

Another important need is an effort by scientiats to identify signlh'cant 
content and to experiment with materials for pupils and teacheis. The 
University of Galifomia received a grant to continue its interdisciplinary 
project on science for the fmi six gradtt; the Univeiiity of Illinois, a 
grant for experimental woit on instniction in principle of physicd 
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science focuicd on astronomy. The baaic imporinnce of mathemalics 
cont^^nt throughout the elementary and secondary curriculum is con- 
ceded by all| the School Mathematics Study Group is continuing its 
highly promiaing work on sample coupes for grades 7 and 8f and bcgin^ 
ning the preparation of material for grad^ 4 through 6* 

High Icfcoor 

Educational Sen^ic^ Incorporated received a grant to complete the 
fmt phai€ of work on a new high school cou^ prepared by the Physical 
Science Study Committee. As the result of a 4-year effort by some of 
the Nation's most notable physiciatSi most materials for this course are 
now available to all inter^ted schooU. Some 30,000 students in 650 
schools have alFcady taken the couM» 

Hie School Mathematics Study Group received further support 
through Yale Univei^ty for revision of sample textbiwks and teacher's 
conunentari^ for gradei 7 through 12, materiak for teacher education, 
special materials for gifted students, and further evaluative studies. 
The American Inslitute of Biological Sciences was granted additional 
funds for efforts by the Biological Sciences Curriculum Study to devise 
and t^t textbooks, laboratory and field studies, teacher education mate- 
riab, and other aids for high school biology. In chemistry support was 
given to two projectSi Grants were made to Earl ham College for the 
Chemical Bond Approach Project to prepare a second vetiion of a 
text and laboratory guide for trial in some 50 schools during 1960-61, 
followed by a definitive edition to be published for general use. The 
University of CaUfonila received funds for the Chemical Education 
Materials Study^ which \b beginning to devise and test text, laboratory, 
film, monograph and otlier materials for another type of high school 
chemistry coui^. 

A related and difficult problem is that of helping teachers and school 
administrators learn more about new curriculum developments sponsored 
by various foundations and organisations. One approach will be tried 
by the National Council of T^achen of Mathematics through a grant foi 
a series of eight regional conference of mathcmati^ supervisor* 

Projects at college ind untvemties follow three general patterns. 
One pattern involves a conference, series of conferenccSj or committee 
study to examine a field and define broad guideline for curriculum re- 
form. Support was provided for such studie on i introductory phymcs 
coui^si chemistry for ron-majorsi and the undcrgi^duate curriculum 
for chemistryi civil engineering, chemical engineering, sanitary engineer- 
ingi experimental mechanical engineerings and anthropology^ 



A Bccond typt of activity, which may evolve ffom a proj^t of the 
first sort, ii the formation of a continuijig body to conduct basic studi^ii 
provide llakon among speciflc coum-content pmjectd, supply infoiina^ 
tion about developmenUp and stimulate efforts on the part of individual 
institutlona or groups of coUcgei* TTie Mathematical AMociation of 
America received a grant to enable iu CommiUee on the Undergraduate 
Program in Mathemati^ to a^ume this res^naibiUty for that field, and 
comparable conunisiiona concerned with college' physic and acperi- 
mental mechanical engineering have been recommended by the con- 
ference in those fields* 

The third kind of undertaking in the college and university studio 
category is the development of a specific new coune which promiaefl to be 
of wide intemt and which include elements of a truly novel nature. 
In this area grants were made to Harvard Univemity for a new mtr^* 
ductory biolo^ couiie, to OUo State Umvemty for work on a new 
laboratory program in organic chembtry, to Lehigh Univeiiity and 
North Carolina State College for coordinated projects in cd^perimental 
mechanical engineering, and to the M^achusetts Institute of Tech- 
nology for a laboratory couiBe on the principle of instmmentation, 

iupplem«ntary TdOihIng Aids 

Thp objective of the Supplementary Teaching Aids program b to 
support the development of such ai^ to learning as new labomtory 
apparatus, motion picture, and tele^on pr^ntaUons which have been 
designed to extend the range and scope of science, mathematics md 
engineering couises insignificant ways. 

For the d^ign and development of prototype of new laboratory 
equipment, 32 grants were made in I960, Project include an educa- 
tional wind tunnel using smoke to visualize air floW| a smaU hypeiionic 
wind tunnel, stereophotoniicrography for submacroscopic anatomyi 
demonstrationa for use with overhead projector^ equipment for in- 
strumental chemical analysk, d^ign of inexpensive computen, and a low- 
cost ma^ spectrophotometer 

Two educational television projects were granted support, A seri^ of 
eight half-hour propams produced under a grant to the University of 
Callfomia at Berkeley will enable Nobel Laureate Wendell M. Stanley 
and his colleague in the Virus Laboratory to bring the itoiy of modem 
vims r^arch and its implications for basic biology to large audience. 
The use of television in providing teacHeis of mathematics with back- 
ground knowledge and a detailed understanding of new cumcula is the 
iubject of a project iponsored by the Minn^ta Academy of Science. 
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Educational film projecta in a variety of fields were supported. An- 
ihroj^logy flinu, raisitively editedi can give the student an undcmtand^ 
ing of unfamiliar culture; with tliis purpc^ in mind| a grant waa made 
to Harvard University for the completion of a seri^ of documentary 
filma on IKung Dushmen of South Africa, Under grants to the State 
University of Iowa and the Univenity of Minnesota, Alms on principle 
of fluid mechanics will be produced, Iowa also received a grant for 
films on the biology of sUme molda and the use of th^e organisms in 
teaching. Y^tiva Univenity was awarded support to begin a seri^ of 
fUma for high schod and college biology counes which endeavor to put 
the viewer in the posiUon of an original ol^rver of plants and animals 
as an attempt is made to uncover fundamental principle through close 
observaUon of organisms in their natural environments. Yale Uni^ 
versity his received support for a series of short films for advanced high 
school and coUege coufi^ in chemistry. A grant to the University of 
IlUnois provide for ^perim^taUon with the use of films in presenting 
demonstration classy on new approach^ to the teaching of elementary 
school mathematici. 



29 

169 

ERiC ' ^ 



COMPUTING ACTIVITIES IN EDUCATION (CIE) 
1969 



In fiscal year 1969, the second year 
of its existence, the Office of Gom^ 
puting Activities administered a va- 
riety of propams and studies in 
support of the computing require- 
ments of education' and r^arch, and 
continued to coo^inate other pro^ 
gmms of support for computing ac- 
tiviti^ throughout the Foundation. 

During the year ending June 30, 
1969j the OflSce of Computing Activi- 
ties considered 489 proposals request- 
ing a, total of $105,453,138. In 
response^ the Foundation made 194 
awards obligating $17 million for an 
award-to-request mtio of approxi- 
mately 1 to 6* For those proposals 
resulting in awards, the amount 
awarded averaged approximately 50 
percent of funds requested. 

Awards were made to 153 institu- 
tions in 39 States and the District of 
Columbia^ Fifteen awards were made 
to support studies or conferences con- 
cerning the use of computer in edu- 
cation and research. Seventeen were 
made for projects involving precol- 
lege education. Qf the $17 million 
gmted 96 percent was awarded to 
educational institutions or consortia j 
and 4 percent was awarded to non- 
academic institutions. 

Prior to the eit^Uihrnent of die 
office^ the Foundation had provided 
support to university computing fa- 
cilities and to research projects in 
computer science for over 10 years, 



COMPUTING 
SERVICES 

Perhaps the most strUsing feature 
of computing activities at academic 
institutions today is the growth of de- 
mand for sophisticated computing 
service in instruction. This phenom- 
enon appevs in the utilisation sta- 
tistics reported by university and 



college computing centei^. It is re- 
flected in changes of cou^e ofTcringi, 
and frequently in requirements for a 
programing course in the freshman 
or iophomore year of college, It also 
appears in the increased investment 
institutions have made from their own 
fundi to provide academic computing 
lervices. 

InsMuihnal Computing Serpices 

The Foundation institutional com- 
puting semces program is the only 
Federal program offering insUtu- 
tional sup^rt, as distinct from indi' 
vidual project support, for the cost 
of academic computing services^ In 
fiscal year 1969, $6,5 million was 
awarded to 23 institutions to assbt 
with necessat7 expansion or initial 
installation of computing semces. 
The grants ranged in size from 
$14,000 to $1.2 million. 

An example of the importance of 
the inititutional computing ier\'ices 
program can be noted Michigan 
State University, an institution with 
approximately 31,000 undergradu- 
ates and 8,000 graduate students. The 
university operated a computing cen- 
ter which contained a large second- 
generation computer at an annual 
opemting cost of about $1 million per 
year, M well as nine smaller special* 
pusp^ computer with annual costs 
ranging from $11,000 to $250,000 
each. However, the demand for com- 
puting services for unde^raduate in- 
struction and for membeii of the 
univemty community who had not 
pre^ously used computers was grow- 
ing explosively, In 1 month in 1967- 
68, the computer center was used by 
77 dep^ttien^ and institutes to 
proc^ nearly 30|000 tasks, almost 60 
percent of them for students in con- 
nection with cour^ work* Also, finan- 
cial support for computing from S^te 
appropriations, tuition, md income 
from sponsored research lagged be- 
hind Ae ixpenditurei requined. 
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To overcome th« problOTs the 
univeraty proposed to purdiasa a 
large third-generation computer and 
sought a grant from die Foundation 
to help provide finandai stability 
while it developed other sourcw of 
support, A pmnt of $1.2 imllion for 
3 years made in flscal year 1969. 
The flguiB below sho\%^ the history 
of sup|Mit for computing at Michigan 
Stata. 

The Catholic Univemty illuitrates 
a diflTerint situation— one in which 
the esdsting machine had never been 
able to service more than a limited 
subset of campus requirements. AU 
though diere had been a computing 
center for several yearS| the primaiy 
equipment lacked the capabiHty to 
handle major r^^rch pj^lems, so 
facul^ members had employed vari^ 
ous ocpedients to s«ure service 
from Federal laboratori^ and other 
univenities. Motivated by desires 
to eliminate this inconvenience to 
faculty and to eicpand computer use 



in undergraduate instructionj the uni- 
versity requited partial support for 
the purchase of a medtum^scale mod- 
em computer. Final action on this 
pro^sal was a grant of $275,000 in 
partial support of a S^^year pn^am. 

Regional Compufing Actmiies 

Another interesting development in 
institutional support for computers 
is the fonnation of cMpetaUves, con^ 

sortia, and other rerional amnfe- 
ments to help provide computing 
service for educational institutions. 
The Foundation, through its re^ 
ponat computing pilot projects, has 
been exploring the meriu of th^ 
arrmngements. 

In fiscal year 1968, a major eff'ort 
involved the inauguration of 10 re-^ 
^onal computing actiWties. Typi^ 
cdlyj each was centered about a 
major university which provided 
cwnput^ services to a cluster of 
neaity college. These projects were 
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d^i^gd to make eflreetlve use of the 
i^perienca and equipineni at uni^ 
verdties to halp coll^^ and a few 
seconda^ sehools introduce educa^ 
tiDnmi computing to their students 
and facul^. 

In fiscal year 1969, five additional 
x^onal experiments were estab«^ 
liihed, to enlarge the range of models 
avall^le for study and evaluation, 
with total awards of slightly over $2.1 
milUon. Altogetheri the r^onal cen^ 
ter$ now include 12 major univem- 
tiesi 116 partidpating college, and 
27 secondary ^hools located in 21 
States, The ^gure illustrates a proj- 
ect centered about the Illinois Instil 
•tute of Technology (IIT), which 
serves nine participating institutions 
in Illinois and Wisconsin, and also 
shows the location of all of these 
Foundation^supported regional ac^ 
tiNides. In each these activities 
there is a good deal of concern 
with faculty training, cooperation in 
the use of instructional materials, and 
sharing the r^ults of experience with 
educadonal use of a computer. 



EDUCATION AND 
TRAINING ACTIVITIES 

Currieulum Depeiopmmi 
The full impact of computers on 
education will not be felt until the 
modes of thought characteristic of 
computing are incorporated into cur- 
ricula. Concepts such as the logic of 
programming procedures, the use of 
models, the interrelationBhip cnm- 
d1^ events, and the ufcs of data are 
emphasi^d in computing and must 
inevitably affect the educational 
process. 

A systematic approach to an ex* 
ploration of die benefits of the com- 
puter in undergraduate study in 
chemistry has led to the support of a 
carefully selected set of projects. Don- 
ald Secrest of the University of Illi^ 
nois is developing a number of ex^ 
periments for an undergraduate phys- 
ical chemistry laboratory in which a 
time-shared computer is an integral 
part, Samuel Perone of Purdue Uni- 
versity, who has directed two sum- 
mer faculty workshops in the use of 
computer linked to instruments for 
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cheinical meaiureinanU, is also con- 
eemed with in unde^raduate 
chemiitry laboratories* Since the 
eomputer is essential to the solution 
of theoretical as well u experimantal 
problems, David P, Shoemaker of 
MIT is exploring ways to give the 
student access to computational serv- 
ices which include capabilities that 
f^ult from applied numerical 
analysis. 

A project designed ^^-^plore fun* 
damental curriculum a at the 

elOTcntary school le' • directed by 
Wdlace Vmmig of iiolt, Beranek k 
Newman in Cambridge, Mw. The 
goal is to dimonstTAte through claii^ 
room pr^n^tions that the teaching 
of the set of concepts related to pro* 
graming cm be used to provide a nat* 
ural foundation for ^e teaching of 
mathemati^i and indeed for logical 
thinking in generaL A new progmn^ 
ing language permits the expression 
o f madematically rich algorithms, 
both numerical and nonnumericalj 
but is so simple that it can be taught 
to second graders. Although it is pre^ 
mature to evaluate the significance 
of this eKperiment, initial results are 
encouraging. 

Trmning 

The intimate relationship between 
curriculum development and tmining 
activities in many computer projects 
is well illustrated by the following ex- 
ample in statistics. 

A grant to the University of Nordi 
Carolina m fiscal year 1968 supported 
the cooperative efforts of Ae de^t- 
ments of stetisticsi psychology, and 
biostatistics m the development of 
data setSi collections of problems, and 
programs for use in teaching elemen- 
tary syL^UcSp 

Programs were developed for sev- 
eiml typ^ of computing service in- 
cluding commercial time-sharii^, a 



large univemty computing center, 
and a small stand-alone computer. In 
the summer of 1969, the university 
organized a workshop for 32 teachen 
from colleges and universiti^ to ex- 
plain and demonstrate the r^ults of 
the project. Foundation sup^rt will 
enable these teachers to use the ma- 
terials developed at the university to 
integrate computer use in the teach- 
ing of statistics at their home inititu- 
tions. This group of teachen will 
reassemble at ^e Universi^ of North 
Carolina in the lummer of 1970 to 
evaluate their experience. 

A different type of tmining project 
wi^ conducted in the summer of 
1969 in the Los Angela ^ea. Richard 
Bellm^ of the University of South- 
em California dimted an expert^ 
mental program In computing for 
undei^rivileged secondary school stu^ 
dents ^at had an enrollment of 80 
for a 4*week coui^e. The curriculum 
included a mathematics class, a pro* 
graming clw, a progimming labosm- 
tory, and instruction in ^e use of 
equipment. Another phase of the 
project involved 20 additional stu- 
dent, with nonscientific back^unds, 
who received an 8-week course in 
data processing applications typical 
of hospitah and medical centers. 



Computer Sdmce Eduction 
Many unlvenities and colleges are 
initiating academic pr^rams in com^ 
puter science, a trend which first 
started in the last half of the 1950's 
^d which has l^en gmning momen- 
tum rapidly. In some instoces th^ 
take ^e form of formal departments^ 
in some they constitute areas of con- 
centradon within existmg depart^ 
mente, and in other cases they may 
be inteniisciplinary programs focused 
on the use of computers^ In fiscal year 
1969, granU were made to six institu^ 
tions, Uie Univai^ity of Galifomia at 
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Baiieleyi Purfue Univeiiity, Univer- 
uiy of Southam Qaltfomiai Washings 
ton Univenityj University of Rhode 
Island^ and Steta University of New 
York at Stony Bi^kj all primarily 
for gmduata education. Th^ ^anu 
ranged in size from $80,0M to $344,^ 
Om and totaled $1,028,6W. Four of 
these m\%«rdi mil help mitiate gmd- 
uata progrmms in eomputer sdenee 
md two will help strengthen pro* 
gTMis that have existed for a few 

RESEARCH ACTIVITIES 

The Foundation supports r^arch 
in three major areaSj computef 
science^ computer-based instructional 
technology^ and computer appllca- 
dons. 

Compiler Sdenee 

ITie emergence of computer 
science as an academic discipline has 
bem given impettis by the increasing 
complexity of computer systems. Al- 
though early workers in diis field 
were gained in oAer areas, the 
growth of infomation about compu- 
ters has been so great diat the defini- 
tion of computer science as a 
discipline and research area has been 
a natural consequence . 

Today research worican in com* 
puter science are concerned with the 
basic understanding of the potential 
and limi^tions of computers; witii 
improved design and more vei^atile 
components — in both hardware and 
software; and with die discovery of 
better ways of utilising ^uipment. 
Among the rwearch projects being 
supported are inv^tigations of the 
properties of algorithmSj, languages 
for expre^ing these algorithn^, com- 
puting systems for proc^ing themp 
and techniques for improving means 
of communication ^tween man and 
machine. One arai of research that 
is vital to long-mnge development of 
this field is that of the theoretical 
foyndations of computer science. 
Support h^ been provided to groupi 



at Cornell^ Purdue, and the Univer- 
sity of California at Berkeley to con- 
duct basic research in this are^ Using 
abstract mathematical 'modeli of 
computational processes, these groups 
are studying the chamcteristics of 
classes of problems which c^not be 
solved al^rithmically. On the other 
hand, for classes of problems which, 
theoretically, can be solved, it is ex» 
tremely interesting to obtain lower 
bounds for computational time and 
for stor^ requirements^ luid such 
bounds are being investigated. 

Electronics technolo^ appean to 
be approaching a pwint where the 
speed of computer of conventional 
d^ign is limited by the speed of light, 
Thus, significant increase in comput- 
ing power are likely to depend upon 
new highly complex machine archie 
lecture, Jacob T, Schwartz, at the 
Gourant Institute of Mathematical 
Sciences, New York University, is 
studying highly parallel machine 
structure, where several tasks of a 
large computation are performed si- 
multaneously. He is learning how the 
parallel unite must communicate with 
each other and coordinate their ac- 
tions. He is also mewring how much 
inherent parmllelism there is in vari- 
ous computationi and thtis how much 
computetioiiaJ power is added by this 
type of d^ign. 

Instructional Technology 
A ^pular impr^ion of the com- 
putet^i primary use in education is 
as a teaching machine^ Experiments 
in the use of the computer to present 
flexibly controlled instructional ma- 
terial—often referred to as computer- 
wisted instruction ( C AI ) —or to 
provide the teacher with more direct 
information about student progress 
have ihovvTi exciting promise in cer- 
tain applications. However, th^ ex- 
periments have also pointed to 
inadequacies in the current state of 
technology and to more fundwiental 
inadequacies in our undentanding of 
basic areas of leaniing. 
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An underiULnding of both the betie^ 
fits and the linutations of CAI will 
depend on its being teited at diflTerent 
educational levels in a variety of cir* 
cuinitancei. As pait of a limited pro^ 
gram of testing and evaluation, grants 
were made to Patrick Suppes of Stan^ 
ford University in fisciU years 1968 
and 1969 to itudy the effect of CAI 
on teaching programing and data 
processing GOncepts to 80 innercity 
secondary schDol student, "niis proj^ 
act will serve boUi to test the effective- 
n^ of tUs techniquo in a difficult 
learning situation, and to collect data 
about the leaning patterns of thme 
students. 

In this c^se^ the students are 
located in San Francisco, Calif., and 
the instructional material is stored 
in a computer at Stenford Univenity 
in P^o Alto, Calif. The choice of re- 
mote terminals was dictated by tmns- 
mksion costs: less e^ensive tele-^ 
typewriters were used, although 
visual display terminals might have 
been superior from an educational 
viewpoint 

Careful evaluation of ^e obstacle 
inhibiting development in field 
led the Fotmdation to ^ a different 
approach in addition to specific proj^ 
ect activiti^. This approach is to 
strengthen a few major centers to 
prmiote longer range basic research 
in instructional technology. The three 
centen supported in flsc^ year 1969 
are located at the Univenity of Pitts- 
burgh, Stenford Univemty, and the 
Univenity of Te^cai. Altogether six 
grants in computer-based instruc- 
tional technol(^y were made in fiscal 
year 1969 witii total support exceed- 
ing $L2 million. 



Computer Applkmom 
Although computers were fii^t de- 
veloped to ^ist with complex nu- 
merical calculationi, it was soon 
realized that nonnumerical informa- 
tion could be coded ud stored in the 
computer memory equally well and 
subsequently analyzed or altered by 
programed procedure. During fiscal 
year 1969, the Foundation made ^v- 
erml grants for study of computer 
techniques for handling nonnumeri- 
cal information. A pwt will enable 
William Huggins of Johns Hop- 
kins University to conduct research in 
computer graphic symbols. Another 
to John L, Clough of Oberlin College 
will support work on the syntiiesis of 
sound by computer. Still another to 
David Bonsteel of the University 
of Washington will aid the develop- 
ment of techniques for simulating 
^sual ex^rience in architectural 
space using computer gmphici. 
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55. PRECOLLEGE MATERIALS AND INSTRUCTIONAL DEVELOPMENT (PMID) 
1973 



Curriculuni and Ins trust ion 
Development 

During the year the Curriculum 
and Instruction Develapment Pro- 
gram of the Division of Pre-College 
Education in Science was trans- 
formed into the Materials and 
Instructional Development Section, 
This change reflects the fact that for 
some years iupport has been given 
not just for the development of com- 
plete curricula but for the prepa^ 
ration of specific units of modules, 
which niay fit into existing couries. 
and for instructional aids which may 
be addressed to teacher preparation, 
to special types of students, or to 
specific learning situations. 

Among the grants of special inter- 
est was one to Florida State Univer- 
sity for the initiation of a major cur- 
riculum development, the Individ^ 
ualized Science Instructional Sys- 
tem, which will be baped on roughly 
125 modules in various areas of 
science addressed to students in 
grades 10 through 12. Conferences on 
curriculum development supported 
by NSF included: the Social Science 
Education Consortium conference 
considering the process of dissemi- 
nation as related to curriculum 
developments; the Education 
Development Center*s eonferenci on 
unified mathematics and science at 
the secondary ichool level; a series of 
three study sessions held by the 
University of Indiana, the Uni%^er- 
sity of Maine at Oronot and Newton 
Cullege of the Sacred Heart to con- 
iider the optimal characteristids of 
mathematics curricula in the K-12 
range; and one by the Edueation 
Development Center for a summer 
itudy of new mathematics materials 
in the third to fifth grade range. 
These last four grants may well 
establish the main parameters of 
major developments over a period of 
the next severai years in pre-college 
mathemitics education. 
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TECHNOLOGICAL INNOVATION IN EDUCATION (TIE) 
1973 



TECHNOLOGICAL 
INNOVATION 
IN EDUCATION 

The U.S. system of education is 
placing ever incrfasing demands on 
the Nation's resources. The fraction 
of the GNP devoted to all eduoa- 
tional eKpenditures (public and prU 
vatei from kindergarten through 
graduate school) has risen steadily 
since the end of World War II— from 
about 3 percent to ibout 8 percent In 
1971-72, Nonetheless* the educa- 
tional needs of certain elements of 
our population continue to go unmet, 
and the quality of instruction 
throughout the system is very 
uneven. Technological Innovation in 
Education has as its goals improving 
the quality of instruction (with 
speciiil emphasis on science educa-^ 
tion), improving the efficiency of 
instruction, and improving access to 
speciailied educational^ needs 
through the application of modern 
computer and communication 
technologies* In fiscal year 1973, 
apprn%imately $6.3 million was 
awarded toward these ends to 
academic and other nonprofit organi- 
zations, 

Development of the PLATO IV sys- 
tem of computer-assisted instruc- 
tion (CAI) continued in preparition 
for a 2-year, large-scale field test and 
evaluation. This system is designed 
to provide highly appealing CAI 
simultaneously to thousands of 
widely scattered students, using a 
single large computer iystem and 
graphic terminals invented and per- 
fected at the University of Illinois. 
The first 250 (plasma panel) termi- 
nals have been delivered and in- 
stalled at locations throughout the 
country. 



Concurrently, the Foundation is 
sponsoring the development and 
field testing of the TICCIT (Time- 
Shared Interactive Computer Con- 
trolled Information Television) 
system of CAI developed and 
designed by the MITRE Corporation 
and Brigham Young University to 
provide highly efficient instruction 
in community colleges for such intro- 
ductory courses as English and 
mathematics. Efficiency will be 
obtained by exploiting mini- 
computer and television technology 
(to serve over 100 student TV 
terminals simultaneously), and 
through learner-controlled course- 
ware which simplifies system 
design, courseware authoring, and 
student/computer interaction^ 

Development and field test of the 
FLANIT (Programming Language for 
Interactive Teaching) machine- 
independent system of CA! was 
completed during fiscal year 1973. 
The design objectives^to produce a 
iophiiticated system capable of 
being installed and operated 
effectively on a very wide variety of 
existing computing equipment-^has 
been achieved, based upon pre- 
liminary results from a field test 
conducted at Purdue University. A 
conference will be held early in fiscal 
year 1974 during which the system 
will be explained, demonstrated, and 
distributed. 

Research and development 
continued into computer-based tech- 
niques for optimising student per- 
formance, Investigators at Stanford 
University believe that they can not 
only improve student performance 
(by 50 to 100 percent) for elementary 
reading and mathematics, but also 
predict such improvements for each 
student on the basis of the student's 
performance without CAI during the 
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pravious yiar and his perferminci 
after tasting with only an hour or two 
using CAL A modest expenment was 
begun to provide CAI of thii sort to 
Ameriaan Indians at a puiblo in New 
Mexico. Data ore Incomplete, but 
results indicate significant improve- 
ments in student performance and 
attitudei and thui have generated 
considerable enthuslaim for the 
project from officials of the school 
and the community who are taking 
steps to continue it at local expense 
after fiscal year 1974, The project 
could serve as a valuable model for 
other widely scattered communitiei 
of indiani, 

All major universities and many 
colleges now provide computing 
services for faculty and students. 
While major computer-baied 
curriculum efforts are only just 
beginning, one major obstacle in 
sharing instructional programi is the 
complexity of the new technology. 
Since universities use different 
machines and computer language 
and operate their services in a variety 
of formats (batch versus interactivejt 
it is difficult to directly exchange 
instructional programi. Further, the 
variety of the disciplinary content 
creates numerous documentation 
problems^ In order to increase the 
potential for widespread use of 
materials and at the same time reduce 
the time and costs related to program 
exchange, several universities have 
initiated a major cooperative effort to 
study and overcome this problem. 

CONDUIT (computers at Oregon 
State University, North Carolina 
Educational Computing Service, 
Dartmouth College, and the Uni- 
versities of Iowa and Texas at 
Austin) is a consortium of five 
regional networks involving 100 



colleges and universities with an 
enrollment of approximateiy 300,000 
students, and is organized to study 
and evaluate the transport r^bility and 
dissemination of comp fer-related 
curricular materials for use in under^ 
graduate instruction. The goals and 
procedures of CONDUIT are deter- 
mined by a Policy Board, which 
consists of the director of each 
regional computer network, 
CONDUIT Central, located at Duke 
Univeriity, coordinates network 
activities and maintains the 
CONDUITIibrary.lt also creates and 
distributes videotaped seminars and 
self ^instructional computer^related 
materials, 

In fiscal year 1973, 12 grants were 
awarded to establish a regional 
educational computer network for 
colleges in Central Mississippi under 
the leadership of Jackson State 
College. Five of the participating 
institutions are private 4^yeaF 
institutions; three are State^ 
supported senior institutions; and 
four are 2-year colleges. The Regional 
Cooperative Computing Activities 
Program under which the above 
awards were made was phased out in 
this fiscal year. An analyiis of the 
impact and cost of regional computer 
networks on undergraduate 
instruction is contained in a report 
published by the University of Iowa 
entitled ''A Study of Regional 
Computer Networks." 

Other supported studies included 
the examination of various 
communication technoiogiei such as 
broadband two-way cable systems, 
specialized common carriers, 
stationary satellite, and optical 
communication links, with a view to 
assessing their potential for various 
nonconventional educational tele- 
communication services. 
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DEVELOPMENT IN SCIENCE EDUCATION (PISE) 
1979 



Devalopment in Soience 
Education 

The development in fcience cduCtitlon 
(DISE) pfogram supports the design, field 
testing, and dissemination of innovative 
teaching and learning models and mate- 
rials For science instruction at any level 
of education. In addition to continued 
, support of several major projects, the 
DISE program emphasized five special 
areasr science for the early adolescent; 
improving access to careers In science; 
science technology and society; new 
knowledge and newskills— education for 
productivity; and technology as applied 
to learning. This last area included a 
special solicilation for proposals and 
support of two projects to design, build, 
and demonstrate an interactive computer- 
controlled videodisc system for science 
education. Following are brief descrip- 
tions of these areas and examples of proj- 
ects supported. 

It is disturbing to note that most U.S. 
citizens receive very little formal science 
instruction after their junior high school 
or early adolescent years. Becauie this is 
a time often ignored in terms of special 
emphaiis in science instruction, NSF 
iupporti projects dealing with pre-servlce 
and in-iervice education of teachers of 
middle and junior high science. Projects 
designed to provide junior high school 
students with information about various 
fields within science and the related careers 
are also supported. 

By way of illustration^ a project at Cen- 
tral Miihigan University Is designed to 
produce, evaluate, and disseminate a set 
of audio^tutorial units in icience for the 
inner city itudent. Another project, at 
the National Wildlife Federation, involves 
preparing high-quality environmcmtal 
science curriculum materials for middle 
and junior high schools to develop knowl- 
edge of relationships in the natural en- 
vironment. Alio Included among the 
awards this year are efforts in outdoor/ 
info! mal education such as the Lawrence 



Hall of Science project on physical sci- 
ence activities in out-of-school settings 
for early adolescents and their families. 

Eight projects In improving access to 
careers in science were aimed at students 
ranging from middle school to college. 
Thu projects encompass a variety of edu- 
rational activities for both in-school and 
out-of-school settings. Two projects are 
addressed to the special needs of women, 
three to the special needs of minorities, 
and three to the needs of both groups. 
These projects focus on such themes as 
relating science and mathematics subject 
matter to scientific careers, providing ap- 
propriate role models, and developing 
general problem-solving and reasoning 
skills. Three projects v^ll develop material 
for in-service trainingof junior high and 
high school teachers. 

In one project aimed at increasing ac^ 
cess to careers, Lillian C. McDermott at 
the University of Washington, working 
to increase the ability of minorities to 
participate in mainstream college science 
courses, hrs developed a set of instruct 
tional materials for lower division under- 
graduates. These materials* useful in 
physics, chemistry, and the physical sci- 
ences, emphasize both concept forma- 
tion and reasoning development. They 
are designed to provide fle^cibllity in 
length, choice of subject matter, and op- 
tions for sequencing in courses in which 
they are used. 

The connections between science and 
society are seldom emphasized in educa- 
tion at any level. For the most part, the 
education of scientists and engineers fails 
to deal in any depth with the humanistic 
aspect of their work or to raise the diffi- 
cult issue of the social resporisibilities of 
science. Conversely, education in the non- 
scientific professions is deficient in its 
neglect of science, and the general educa- 
tion of most citizens prepares them poorly 
to deal with the science-related social is- 
sues and the value problems of the day^ 
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Barry Hymarii wofking through the 
American Society for Engineering Edu- 
cation, is using a case study strategy to 
convey an understanding of public policy 
to undergraduate engineering sludents. 
For four summers, engineering students 
chosen through a nationwide competl» 
tion will participate in a public policy In- 
ternship program in Washington, D,C, 
Based on their work, case studies will be 
developed and disseminated widely for 
use in undergraduate englneefing cur- 
ricula. By the fourth summer, support of 
the program will be taken over by engi- 
neering societies and industry. 

In another award, older people, who 
are rarely exposed tu science courses, will 
participate in a special education pro- 
gram In science and society. The pro- 
gram, at the University of Colorado at 
Colorado Springs and Colorado Collyge, 
has the long-term goal of developing a 
rnodel to encourage older people to at- 
tend regular college science courses for 
credit. This project extends and comple- 
ments the informal education project 
supported at the same institution by NSF s 
public understanding of science program. 

The NSF focus, new knowledge and 
new skil.'s^education for productivity, 
supports the revision of curricula so that 
scientifically trained personnel can better 
contribute to appropriate iechnological 
development and, through Increased 
productivity, to the country*s economic 
strength and quality of life, The curricula 
may be for undergraduate, graduate, and 
continuing education; the projects, usually 
based In universities or proftssional 
groups, are encouraged to collaborate 
strongly with industry and with non- 
academic laboratories, 

A project with David Himmelblau 
at the University of Texas at At ^tin is 
producing modules for 2,000 topics which 
give explanations, references to best 
practice, or study guides that will be 
formulated for electronic transmission 
and retrieval by computer. The system 
of materials will be structured so that 
specialists can contribu te short pieces for 



teaching new developments without hav- 
ing to rewrite the equivalent of a whole 
text. Fulfillment of these objectives will 
be tested in about a dozen industrial and 
university programs. 

The increased use of computers, par- 
ticularly microcomputers, has increased 
the demand for people trained in digital 
systems engineering, which is a combi- 
nation of electrical engineering and com^ 
puter science and engineering. Thomas A. 
Brubakcr at Colorado State University is 
studying ten leading research institutions, 
both industrial and academic, to identify 
and develop prototypes of useful mate- 
rials for teaching digital systems engi- 
neering. The goal of the project is to 
reformulate and combine traditional prln« 
ciples around several thousand generaU 
ized engineering techniques which can 
be retrieved and learned for specific ap- 
plications. 

Projects concerned with the use and 
technology for science education include 
the exploration of innovative applica- 
tions of technology for instruction, the 
development of materials on using tech« 
nology as a tool of science, or the devel- 
opment of materials to study the tech- 
nology itself. Most projects are based on 
the use of computers, sometimes in con< 
junction with other devices. For example, 
several projects supported incorporate 
the use of graphics to improve instruc- 
tion. To explore the education potential 
of the new videodisc technology, Robert 
Fuller and his colleagues at the Univesity 
of Nebraska at Lincoln are developing a 
low-cost approach for the videodisc in 
physics instruction. 

Techniques used by meteorologists in 
analyzing and reporting the weather are 
based on the computer analysis and 
graphical display of weather data col- 
lected by satellite. Atmospheric sciences 
education will begin to incorporate some 
of these methods as a result of work by 
Donald Johnson at the University of 
Wisconsin supported juintly by NSF's 
atmospheric sciences program and DISE 
program. Because similar needs exist in 
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other environmental sciences* these sys- 
tems should be useful beyond depart- 
ments of meteorology. 

A number of projects are concerned 
with continuing education for nonaca^ 
demically employed ecientjsts and engi^ 
neers* An example is a project conducted 
by the Utah State Board of Regents^ 
through which industries and universi^ 
ties cooperatively develop science-related 
training programs for industry. Entitled 
*'Restructurihg Science Education for 
Flexibility, Occupational Preparedness^ 
and Industrial Alignment/' the projeci^ 
is now completing its period of NSF sup- 
port! it has obtained $200,000 in local 
contracti in 1979. In addition to provld 
ing technical updating for industrially 
employed scientists and engineerSi ihi 
project i§ notable for its impact on in^ 
creasing univeriity»industrial cooperation 
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MATERIALS DEVELOPMENT IN PRECOLLEGE MATHEMATICS USING COMPUTERS (MDPMUC) 
1980 



Technology for Scianoe 
Education 

In view of the need to improve 
mathemntics education for school 
children and to take advantage of the 
rapidly increasing rate at which low- 
cost microcomputers are becoming 
tivailable in schools, NSF began a 
special effort in 1980 to support de- 
velopment of prototypes of quality 
educational software and courseware 
for teaching and learning mathemat- 
ics. This activity is jointly funded 
with the National Institute of Edu- 
cation and emphasizei both research 
and development aspects of the 
problem. 

The projects supported address 
mathematics education in all the pre- 
college grades, and several involve 
adults who are studying precalculus 
mathematics. Topics include the im= 
provcment of spatial skills (empha- 
sizing the needs of women), prob- 
lem solving, and mathematical mod- 
eling, A number of projects take ad^ 
vantage of the graphics capabilities 
of computers to involve the student 
in dynamic interactions as a means 
of visualizing a variety of algebraic 
and geometric concepts. Several 
projects call for participation of k)cal 
schools, teachers, students, and par- 
ents. The students are the target 
population of most projects; in one, 
however, the primary focus is on 
teachers. 

Examples of projects are: 

• Investigators at Wittenberg Uni- 
versity in Springfield, Ohio, will 
develop 10 to 15 computer games 
to supplement mathematics in- 
struction in grades one to four. 
The games will provide practice 
in basic math skills— including 
problem solving, estimation and 



approximation, computation 
skills, and measurement^ — and 
will introduce students to prob- 
lem-solving techniques* Color 
graphics and animation should 
increase student motivation and 
involvement, The project will in- 
volve elementaiy teachers in de- 
velopment of materials and will 
test the programs in public 
schools. 

• A project at the University of 
Pittsburgh will do research and 
related development on the dif- 
ficulties that children in the pri- 
maty grades have in learning 
addition and subtraction of 
whole numbers. Important 
mathematical principles, espe- 
cially place value, will be dem- 
onstrated using both physical 
materials and computer graph- 
ics. Student responses will be 
analyzed by the computer and 
by teachers to identify system- 
atic errors in student computa- 
tion processes. The computer 
will then provide meaningful in- 
struction designed to increase 
student understanding of the 
underlying mathematical prin- 
ciples. The project intends to 
provide practical instruction, 
usable in classrooms at a reason- 
able cost, as well as an oppor- 
tunity to test the validit'/ of a 
developing theory of the origin 
of arithmetic errors and ways of 
preventing these errors through 
instruction. 
# A team at Rensselaer Polytech- 
nic Institute will develop and 
test materials to train students' 
skills in spatial visualization and 
orientation. The project uses the 
dynamic, responsive medium of 
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computer graphics as a tool in 
spatial visualizaHon and orien- 
tation training. The software will 
enable teachers to design new 
training experiences without 
special knowledge of comput- 
ing. Since sex differences in spa- 
tial abilities have been widely 
reported, the project's research 
component will compare the 
changes in spatial skills shown 
by males and females, If the 
materials developed by this 
project are successful they can 
be expected to improve mathe- 
matical performance among 
women and thus increase their 
access to careers in science and 
mathematics. 

A team of mathematicians^ 
mathematics educators, and 
computer scientists at Drexel 
University will design, develops 
and field^test a laboratory course 
in mathematics to accompany 
and be an integral part of a high 
school course on elementary 
functions. This laboratory com- 
ponent wiU consist of a series of 
/'mathematical experiments" 
that use a microcomputer with 
graphics capabilities. The exper- 
iments are a carefully con- 
structed sequence of tasks de- 
signed to probe the essence of 
a mathematical concept, for- 
mula, algorithm, or theorem. 
The projocl is a cooperative one 
involving the School District of 
Philadelphia. 



« Many projects are supported that 
address the use of computing in 
higher education. John Ham- 
blen of the University of Mis- 
souri, Rolla, has just completed 
The Fourth hwctttory of Compt4terB 
ifi Higher Education 1976-^77. He 
reports that the expenditures for 
academic computing in higher 
education have more than doU' 
bled over the past decade. This 
year institutions of higher edu- 
caHon will spend approximately 
$1 billion on academic comput- 
ing; 2,163 institutions with an 
enrollment of 9,9 million stu- 
dents will provide students with 
access to computing. In addition 
to the inventory, an interpretive 
report examines and evaluates 
trends in administrative, in- 
structional, and research uses of 
computing, as well as analyzes 
the uses of computing in minor- 
ity institutions over a ten-year 
period. 
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INSTRUCTIONAL MATERIALS DEVELOPMENT 



INSTRUCTIONAL MATERIALS DEVELOPMENT 



Objective of tho Program 

This program provides support for the development of new 
Of improved initructional materials in science, mathemat- 
ics and leehnology for elementary, middle, and/or second- 
ary level students and their teachers. The program encpur= 
ages the development of materials that fill content gaps In 
previously developed eurricula, present new approaches to 
the study of traditional subj^ts, introduce recent d!scoveri«^, 
or demonstrate applications of scientific and mathematical 
concepts. An important goal is to involve the most capable 
scientists and science educators in the Nation in the process 
of upgrading the quality of the science and mathematics 
materials used in precollege classrooms. 

Scope of the Program 

Appropriate projeei activities include, but are not lim- 
ited to, the following: 

• materials that more effectively present single topics or 
collections of topics in science, mathematics or tech- 
nology, including those that exhibit relationships betw^n 
disciplines; 

• materials that introduce new subjects or that preient 
new applications of science, mathematics or t^hnology; 

• materials that support new or revised curricula, espe- 
cially curricula designed to raise the level of achieve- 
ment of the Nation's youth in science, mathematics 
and technology; 

• materials tailored to the special needs of particular 
groups of students, such as women, minorities, physi- 
cally handicapped students, college bound students, 
those entering the work force immediately following 
high school graduation, and the gifted and talented; 



• materials that use alternaiive methods of delivering 
instruction, such as computer software, computer 
simulation, television, film, videocassette and videodisc, 
including those that integrate technology into a partic- 
ular science curriculum; 

• materials that take into account findings of recent 
r<«arch on how students leam science and mathematics. 

Characterlstlo3 of the Program 

In addition to the general characteristics described above 
for materials development and research programs, the fol- 
lowing points are pertinent. 

Projects may include the development of entirely new 
materials, the updating or revision of existing materials of 
high quality, and the testing and evaluation of the materi- 
als developed. In all cases, projects should lead to instruc- 
tional materials that are bias-free, scientincally and educa- 
tionally sound, and suitable for widespread distribution, 
preferably through the private sector. 

In the development of new materials, consideration should 
be given to the implications for use by teachers, such as the 
necessity for teacher training or the development of coordi- 
nated teacher materials, The materials proposed for devel- 
opment should be suitable for use in many locales through- 
out the country. 

The products developed may be printed materials, com- 
puter software, films, videotapes, videodisc, or laboratory 
equipment. 

All principal investigators should direct their attention 
to sharing the results of their proposed projects. The involve- 
ment of publishers or other relevant organizations ^rly in the 
pro^ss of materials development is encouraged so as to facil- 
itate distribution of the materials and their consideration for 
adoption. Consultation and negotiation with publishers or 
distributors may take place prior to proposal submission. 



source . MSP/SEE. Pr ogram AnnouncaBant : H.t.ri.U Devaloproent .nd Research . 
NSP 85-10, April 1985. 
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SPECIAL PROJECTS IN SCIENCE EDUCATION (SPISE) 
1958 



Special Projects m Science Educ^tien Progrsm 

Complementing the Institute Program of the Foundation, this pro- 
gram m concerned principally with the experimental toting and develop- 
ment of promising new ideaa for the improvement of science instmc- 
tion, and with new and more elTcctive methoda of increasing tlic under- 
standing of science on the part of our young people* Approximately 
$L5 million was obligated in fiscal year 1958 to carry out tWs program. 
Projects fall readily into the three following typ^: (a) Student Par- 
ticipation Projects, (b) Teacher Training Projects, and (c) Course Con- 
tent Improvement Studio, 

lludenl Participation Prdlsctt 

These projects are planned to enlist the interest in and understanding 
of science, mathcmaticsj and engineering by students at all educational 
levels, Activitl^ in this area that have been supported by the National 
Science Foundadnn InrliiH^ fh^ follnwfnff f 

L Th$ Traviling High School Science Library Program.— In many 
areas of the United Stat^ high school students with an inter^t in science 
have little or no acc^ to books about science and mathematics other 
than their textbooks. The primary purpose of this program is to fur- 
nisli to second^, schools, on a loan basis, a carefully selected library of 
gcneraWnterat books chosen to cover a broad spectrum of science and 
mathemati^. A secondary but important r^ult is the stimulation of 
book purchases by school and other libraries in response to student 
demand. 

The program is conducted for the Foundation by the American 
A^ociation for the Advancement of Science. It was started on an experi- 
mentd basis in fiscal year 1956, and has been expanded each year since 
then* In fccal year 1958, 54 sets of 200 boota each were circulated 
among 216 Ugh schools. Each school receives 50 books at a time. 
Through periodic exchange, all 200 bool^ are made available to each 
sciiool served during the academic year. In the summer, the libraries 
are made available to Foundation-sponsored Summer Institute* 

A list of the ^ks in the Traveling Science Libraries b published 
separately md k given wide distribution. It is being used in many 
conununitiei as a guide to the purchi^ of bosks for libraries, A larger 
md mora comprehensive list of science and mathematics books for sec- 
onda^ school and community librari^ is being prepared, and a rpecial 
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Urt of ttience and mathematics boob available m inexpensive paper-' 
bound cditiona ii ako i^ued to encourage students who wish to buy 
them for their own use. 

An evaluation study of the program has been conducted applicable to 
th€ 1956-57 program which sensed 104 schools* This developed con* 
ddemble information regarding the reading habits of high school stu- 
dent* Outstanding among the concluiions were the following: 

a. In schools served by the Traveling Science Libraries, 39 percent of 
die §tudenU read at least one of the bcoks. Half of these read more 
than three of the Ubrary books. 

SmaU high schools make more intensive use of the library books 
thati large schools. 

c. At schools where there Is a strong teacher interest in science, as 
determine by the number of library books checked out by the teacher, 
student intertft in the books Is more intense. 

d. A majority of the schools served by the libraries subsequently added 
some science boob to their own libraries. Lack of funds is the prin- 
dpdl reason for not buying more books» 

The Foundation plans to continue this program in the future, and 
to expand it as funds pcmiit. There are over 13,000 high schooh in 
the United States with a student body of less than 200 students. 

2. Thi Traveling Science DemQnUraiion Lecture Program.—Sup^ 
ported jointly with the Atomic Energy Commission and administered 
by the Oak Ridge Institute of Nuclear Studi^j this program provide 
opportunitiei for secondary school student and teachera to see and hear 
science lecture demonstrations strewing the scientific principles involved 
in such subjects as solar radiation, atomic structure, nuclear reactionSi 
space travel, and other subjects of scientific Inter^t. Selected high 
school teachers are trained at Oak Ridge during a Summer Institute 
session and then during the academic year travel widely over the country 
providing lecture-demonstrations in selected high schools. 

The training program for 1957»58 was much like that for the first 
year. Seven teacher were carefully selected for participation in the 
program and underwent a period of preparation and special training 
at Oak Ridge during the summer. The summer training period in- 
cluded courses and lectures on fund amentab of physical ^iences, radio- 
isotope techniques, science experiment, and technique in science 
teaching. 

Six weeks of the three-month summer s^ion consisted of lecture 
and demonstrations In chemistry, physics, biology, and mathematics 
given by prominent scientists and teachci^. Concurrently with the 
lecture-demonstration training, the traveling teachers deigned and built 
many piece of apparatus for use in their subsequent visiting lectur<^. 
Many of th^e inexpensive "home-made'* a^mblie were mcd as modck 
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which later were dupHcated by high school teachers working with their 
studcnta* During the 1957-58 ichool year the travch'ng teachers made 
visits of i-week duration to 260 high schools throughout the country. 
They gave, on the average, one lecture-demonstration per day in the 
schools and were usually invited to provide many added lecture to 
parent and civic clubs. In addidon to the schools vkited, other neigh* 
boring schools were often reached while the teacher wm in the com- 
munity, so that a total of 092 schools (including some elementary 
schools) received at least one demonstration-lecture. More than 226,000 
high school students and some 5,700 high school teacher were reached 
by this program* 

The activities and prcvkits of the traveling teachci^ w^rc coopera- 
tively planned by the high school principals and the science departments 
of the various high schools. This cooperation mded the high school 
teachers to anticipate what would be covered by the visiting lecture^ 
dononsUmtor and ^itnitted them to arrange their work in the science 
courses to fit into the material covered by the visitor. 

From reports of school principals, teachersi and parents, there is 
abundant evidence that the high school traveling lecture-demonstration 
program has had increasing succ^. By May 1, 1958, the number of 
vfaits requited for the year ISSS^-SS had exceeded 3,200, 

The 1958-59 propam wUl make use of a group of 19 traveling 
teachers — 7 completely supported by National Science Foundation and 
Atomic Energy Commission funds and at le^t 12 supported during the 
9 months of Uie school year by State departments of education, with 
Nation^ Science Foundation funds covering the teachers' stipends during 
Uie summer months and Atomic Energy CommiMion funds providing 
the demoi^ation equipment 

The fact that educational systems in Individual States are willing 
and able to include the Traveling Science Demonstration Lecture Pr^ 
gram in their "nonnal" educational pattern is an indication of the 
validity of the program. It is a good indication that thfa program will 
probably function smoothly when it is expanded during the coming 
year to provide a more wid^pread coverage of schools. 

3, The Visiting Sciintisti Program,^ThlB is a program which enable 
distingubhed scientbta to visit small college and universiti^ for periods 
of several daj^ to give lecture, to conduct elates and seminal^, and to 
meet student and faculty members on a formal as well as informal basu 
In order to stimulate inter^t in science, 

T^a VWting Scientists Program was initiated in the 1954-55 school 
year when the National Science Foundation made a grant to the Mathe^ 
matical A^ociation of America for a series of visits to various smaU 
college and univeiiitics. Since that time the program has been 
panded to include simUif programs in chemistry, physics, biology, and 
astronomy. 
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In the past yeary gmnlB have been made to the following organba<* 
tions to support Visiting Scientiits Programs i Amorican Chemical So- 
ciety, American Instituta of Physics, American Instituta of Biological 
&!enc^, Americw Astronomical Society^ and the Mathematical Amoci* 
ation of America. About 500 visits to college and a few high achools 
will have bemi made during the academic year, reaching an audience 
of over 60,000 students. The visiting scientists and the administrator 
of the institutiona *mited| as well as the facuhies and studenU, have 
expre^^ enUiusiaam for the value of the program, 

llie pi^^nt programs in mathemati^, chemistn^, biology, physics, 
and astoonomy have proved so succ^ful in arousing inter^t in the 
subj^t matter pr^ented that in 1959 they will be expanded to make 
more contacts p^ible. In addition, new scientiflc discipUnei wUl be 
Included, such as the earth science and engineering. 

In view of the importance of inter^ting high school students in scien^ 
tific career, an active program, administered by appropriate scientific 
groups, will be developed in the next fiscal year, so that able scientist 
can visit high schools, lend their stimulus to science education at that 
important level, and provide a better appreciation of career opportuniti^. 

4, Schnci Clubs and Siudeni Projects,— This program stimulate 
interest in science and in scientific and engineering careers among stu- 
dents below the college level by supporting extracurricular science proj- 
ect under the guidance of national youth organizations. 

Since 1952, the National Science Foundation has been providing a 
Umited amount of support to Science C^'ubs of America, administered 
by Science Service, Inc., a nonprofit organization with other sources of 
income. Approximately 19,500 local Science Clubs, composed pre- 
dominantly of student of senior and junior high schools, are affiliated 
with Science Clubs of America. Each has an adult adviser, usually a 
science teacher. 

Many club members carry out individual projects which fiequently 
culminate in exhibit displayed at a school science fair. The most 
worthy of th^ are selected for ihowing at a city, regional, or State 
science fair, and each of these in turn usually selects two fin^ists who 
are sent, with their exhibit to the annual National Science Fair, 

At the National Science Fair held May 9^11, 1958, exhibits were 
shown by 281 finalkts from 146 are^. The sup^rting fairs showed a 
more impressive growth rate. On the b^ts of reports from 98 of the 
146 affiliated fairs, It is estimated that the 281 exhibits at the national 
fair were selected from a total of more than 468,000 ochibits at local 
faiis, an incre^e of 60 percent over the preceding year. 

Public attendance at science faire b encouraged. In 1958 attend- 
ance at the national fair was over 30,000, and an Climated 4 million 
pereoi^ saw the exhibiu at the supporting fairs. 
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Geographic coverage of thb ^irogram is cxtcnaive but not intensive. 
There arc only three States wh^^re there arc no science falrii but few 
of the remaining Stat^ have an>vthlng approaching complete coverage, 
Of about 16 million studenta o@ the 7th through 12th grada, aboyt 
4 million would probably be Interested in this kind of activity if tlie 
opportunity were available, T^t tal membership in the 19,500 Science 
Clubs is estimated at about 500,C300 student. 

A ment study of National SoSence Fair finalists from 1950 to 1937 
reve^ a very high degree of smterat in higher educaUon. Of 589 
indlviduali on whom data were received, 156 were still in high school 
md 23 were in military service^ Of the remaining 4I0i 95 percent 
were taking college courses or h^^d received a college degree. 

In view of the results obtaine* d from this programj the Foundation 
plans to continue its support of ^Science Clubs of America and aUo to 
explore the possibilities of scienc^^ programs in cooperation with Qtlier 
nadonal youth organizationi i jcni as the 4— H Olubi, Future Fanners 
of America, the Boy Scouts^ and the Girl Scouts. 

5. Summit Training Ptogf^n^ for Secondary School Siudenis^^k 
primary purple of this program is to encourage the scientific intereiU 
of high-ability secondary-school it^udents by providing them with oppor- 
tuniU^ to pirticipate in study ansd research programs set up e^pacially 
for such studenu by inter^ted folBflrgr groups. 

Pilot programs supported for tthe summer of 1958 include thosg of 
two State unive^ity short sumit^ Acr institute for high school studcntJ 
and one raearch foundation's sur^rrimcr-long r^garch participation pro* 
^m. In the two univei^ity insti wut^^ — **scienc€ camps"~two or three 
weeks weit devoted to lectur^j ! laboratory experience, visits to other 
laboratoria or museums, and fleL*^ tripSi together with orientation lec^ 
tur^ in the various branches of ^science and mathematics. Their aim 
was to acquaint the students witlmm the many facets of scientific activity 
to as to provide a better compr^^heniion of the sciences and a better 
basis for a choice of future careef^* In the Waldemar R^arch Foun- 
dation summer program, high s^shool students participated in super' 
vised r^earch which not only coni^plemented their wintertime claasroom 
instruction, but also offered theni.^ the stimulation and intellectual dii* 
cipUne of eKperimental scientifio r^^earch. 

Both typ^ of programs utilised high school science teacher aa coun- 
seUor-partlcipants, to the uUimat^e benefit of their future classes* In 
th^ 3 pilot project 145 gtudewits and 8 high school tcachera par- 
ticipated. 

High school student al^ toot^ part as membcrB of dcmonitration 
da^ in mathematics and scignc^e which were part of the program 
of ^me of the Summer Institutci Bor high school teachers. 
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A number of other propps^Ia (or the summer of 1 958 to aid in de- 
veloping the scientific intertfts of high school students were received, 
but the Foundation unable tosypport them all. However, for 1959, 
the Foundation expecta to suppof(^^many aJ 80 such projects* 

6, Oiher Studini Participalm ffojects.—lnclud^d under this head- 
ing are projects such as support ol (he preparation and distribution of 
pamphlets and brochure d^cribini career oppoFtu^iti^ in the various 
science disciplines and designed to awaken student interest; a program 
to bring to science teachen and iMr studentSj by tneani of poster t%- 
hibitSj a balanced and comprehensive unde^tandin^ of the IGY and 
a constructive realization of the inlerdcpendcnce o£ the scientific dm-^ 
ciplines involved; studies of ways in which tha Foxindation can best 
provide assbtanco to State Academics of Science £n furthering their 
interests in science education; production of piloc filmi relating to 
science to be made available to Aitierjcan schooISj not strictly m teach- 
ing aids but directed to achieving a broader urideistanding of science 
by all students; support of a 4-wcchiimmer workshojD at the Univei^ity 
of Chicago to introduce qualified coilega students to tlie field of tneteor^ 
ology as a subject for graduate sludy and as a prof^^^ion, and partial 
support to the American Institute lor Research to conduct a planning 
study for raearch on the identitation, development^ and utilization 
of human talents. 
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62. PROPL^EM ASSESSMENT AND EXPERIMENTAL PROJECTS (PAEP) 
1974 



PROWLEM ASSESSMENT AND EXPERIMENTAL PROJECTS 



The ProbUm Aisessment and 
Experimental Projecti program was 
begun in fiical year 1974 to initiate 
studiai and experimental projects on 
specifically identified problemi in 
science education. The program's 
aims are: to gain knowleyge about 
possible solutions to specific prob* 
iems and to explore and develop tech- 
niques to alleviate those problems; to 
formalize an analytical andquantita- 
live approach to program and proj^ 
ect evaluation and planning, and to 
synthesize the results of problem 
asseisment studies and experi- 
mental projects to provide guide- 
lines for the creation of program 
alternativei responsive to projected 
as well as current needs of the science 
education community. 
' Problem areas in which staff- 
identified studies v^ere initiated in 
fiscal year 1974 included: 

• Current state and effectiveness 
of continuing educition in the United 
St ies for nonicademic scientists 
and engineerSf 

• Barriers to the movement of 
women and ethnic minority group 
members into science and tech- 
nology careers^ 

• Barriers to implementition of 
newly developed teaching materiali 
and modes of instruction, and 

^ Effective means of moving new 
knowledgt from the research com- 
munity into undergraduate class- 
rooms. 

The staff^identified experimentai 
projects areas inciuued: 

• Developing techniques ^to in^ 
crease the number of ethnic minority 
group memberi and vomen in 
sciencii and 



• Increasing availability of high 
school student projeet activity as an 
integral part of high echool science 
programs. 

In addition to the staff-identified 
study and experimental project 
activities, the program handled a 
variety of proposer-identified proj- 
ects and studies. In the course of the 
year, the group co ' iered 285 pre- 
liminary proposa '4 9S formal 
proposals, and rLw^.^imended sup- 
port of 69 activities. Among these 
was a major study of graduate educa- 
tion being carried out by the Council 
of Graduate Schools in the United 
States that will develop reliable 
instruments and procedures that can 
be used for evaluation and improve- 
ment of doctoral edueation. In 
another study, the American Insti- 
tutes for Research will look at career 
guidance factors that affect the 
development of high school stu- 
dents' scientific potential to deter- 
mine what high school students 
know about careers and what they 
need to know. 

At the Univeriity of North Dakota, 
in a project partly funded by the 
Bureau of Reclamation, students 
proficient as pilots will be trained in 
the technical and scientific back- 
ground needed for weather modifica- 
tion research. Brigham Young 
University will carry out a project in 
aisociation with the Entomological 
Society of America to investigate 
barriers to teaching of new materials 
and modes of instruction in ento- 
mology. 

The NSF Chautauqua-type short, 
courses for college teachers received 
continued support in fiscal year 1974 
through grants to 12 field centers for 
operating costs, and one additional 
grant was made to the American 
Association for the Advancement of 
Science for intercenter coordination. 
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RESEARCH IN SCIENCE EDUCATION (RISE) 
1979 



Reiearch in Saienee 
Edueation 

Scientific knowledge changei, as do 
the con tots in which it is taught. These 
changes have irnplicatiohs for public is- 
iu^, technology, and individual deciiion^ 
making. The processes by which people 
may be helped to acquire what they need 
to know are not well understood. The 
research in science education (RISE) pro- 
gram asiiiti in creating and oiganidng a 
body of fundamental knowledge that 
can be used to improve the quality and 
effectiveness of science education for a 
wide spectrum of individual needs. RISE 
supports both research evaluation and 
synth^is, and empirical research, Within 
these two categories, projects were sup- 
ported In 1979 on science education for 
the early adolescent, science for women 
and minorities, technology in science edu- 
cation, and science literacy. In addition, 
the program, jointly with the National 
Institute of Education, sponsored research 
on cognitive processes and the structure 
of knowledge. 

Of the RISE awards this year, 20 are 
directed to research in science or mathe- 
matics education for the early adolescent. 
Some iJ of the new RISE awards focus 
on understanding the underrepresenta- 
lion of minorities and women in science 
and science-related careers, while three 
RISE projects are concerned with the 
continuing education of scientists and 
engineers. The RISE awards continue to 
show an increase in collaboration of in- 
vestigators from a variety of scientific 
disciplines with research ^rkers in sci- 
ence and ma thematic ^ucation research. 
Examples of RISE projects supported in 
1979 follow. 

Experts on early adolescence ^ite the 
need for the collection and organization 
of extensive demographic information 
on the early adolescent. A newly sup- 
ported project directed by Herbert WaU 
berg at the University of Illinois at Chicago 
Circle will attempt to demonstr>>ie the 
feasibility of using data from the National 



Assessment of Educational him% 
(NAEP) for secondary analysis fyipoios. 
Over the past 10 yeare NAEPlisgalh-^ 
ered and reported infofttiaticnon th^ 
knowledge, skills, and attitudes of terU 
can 9-, 13- and 17'year olds. Tie Uni- 
versity of Illinois group will cfl&raN 
with research teams at Northfioilllnois 
University, the University of Klinwiota, 
and key NAEP staff. AriothfifprQjgct, 
"School, Family, and Individuil Influ- 
ences on Commitment to andbrning 
of Science Among Adol^ent Slufcn^/' 
directed by Ronald Simpson il North 
Carolina State University, is tpg to 
determine how interest and ceplenc^ 
in science develops in tht earlfldQlis-^ 
cent student. 

A research team led by Almiianizal 
the Denver Research InlHtutcliiibferi 
interested in the pervasive bilitf that 
mathematics acts as a ielectivtbm tc 
science careers for women andlMeafly 
decisions made to opt out of maltealics 
courses foreclose opportunillii, In a 
comparative study of junior Kiglischpol 
level mal^ and femaM, these fMhers 
are studying influences on studeiilchQices 
in taking (or not taking) thefirilopllonal 
courses in mathematics. 

Widespread concerns hav^ [m ex- 
pressed about potentially detrlnitiilalff^ 
fecis of the use of calculaioriORehiU 
dren's mathematics abilities, ^leamof 
investigators led by Grayson talley 
at Purdue University ha$ beeniludying 
.the initial impact of calculatciiin ele^ 
mentary school mathematici %¥ilU,S0O 
students (gr^^des 2-6) in SO cUiSiogmi ir 
Indiana, Iowa, Michigan, Misfrtind 
Ohio. Their year-long study, vvliiclilMted 
students in basic facts of addition, sub^ 
traction, multiplication^ and diviilonj in 
mathematics concepti and altilnte, in- 
dicates: (1) that no meaiufabli ddfimental 
effects can be ascribed to calciitoui^^ 
(2) that children have a highpoiltlv© 
attitude towards calculator u§i^ ^nj(3)that 
children learn to use calcuUton^ulckly 
and perform compuiatiDns iwuftimpr^ 
succesifully than their coUnteipaili with 
no calculatqrii. 
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What do roature adults (agei 50»70) 
learn of tcience pQliey isiue i from lelevN 
sion--iptcificalIyj from viewing selecltd 
NOVA programi on public televiilon? 
Robe rl Gagne and his coworkeri at Florida 
State University are ieeking answers to 
such questioni in a study that is expected 
to shed light on how specialized initruc^ 
tion can help to increase scientific literacy 
in adult Americanf, 

At the Massachusetts Institute of Tech^ 
nologyi a group of investigators f roin the 
f ieldi of psychology and the philosophy 
of science, led by Susan Carey, is inves^ 
tigating the parallels between conceptual 
development during childhood and con^ 
ceptual change in the history of science. 
They willanalyEe the development of the 
child's concepts of weighli volume^ and 
deniity* in comparison v^lh the differen- 
tiation of these concepts in the history of 
science, and will study the historical de- 
velopment of the concepts of heat and 
temperature in order to pursue the com- 
pariion further. 
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RESEARCH ON COQNni^IVE PROCESSES AND THE STRUCTURE OF KNOWLEDGE (RCPSK) 
1980 



Cognitive ^roocesses and 
th# Struoicture of 
KnowUliadgt 

Research intoinftiMtal processes and 
the structure of kno^owledge in science 
and mathematics I has received in- 
creasing emphasis t by NSF for each 
of the past three ym^mmtB^ Project sup- 
port has grown frcmmtn about $0 J mil- 
lion in 1978 to more m than $1.5 million 
In 1980. This reflecto=ts several factors, 
induding the fact tH±hat NSF was vir- 
tually the sole iQuto»€e of support for 
research of this kia=fnd in 1980 owing 
to reductions in fun»rids available from 
the National Institiiiaite of Education, 
with whom NSF h^^d shared the re- 
sponsibility for pfOToject support in 
prior years. The iiicr*CTaase In NSF sup- 
port in 1980 reflecfci^ts other realities 
too, however/ inclUomding the increase 
in interest in this typ^pe of research by 
identists and rnatHrhematidans and 
the improvernent iriin the quality of 
proposals being rec^:eived, 

But this giDwth ImHs primarily a re- 
fltetion of the gr^at©tter degree of un- 
diritanding and ^olQniaboration across 
diidplinary boUnd*Uaries. Physical 
mathematical bio|o%»gical, behavioral 
and computer scien&tttists are increas' 
Ingly familiar v^ith m one another's 
work. Some are pre^aapared to collab- 
orate, even to the p»Gioint of willingly 
employing psychooologists within 
physics departmenttea and vice veraa 
(which occuned m tltthe University of 
California, Berkeley. and at Came- 
gIfe-Mellon Universit^^, for example). 

The purpoie of sUsach research is to 
discover the mental Ul processes and 
stmctures that undeca*rlie competence, 
iklll, or "underitaiumding'* in some 



important area of science or mathe- 
matics. The general approach is to 
study intensively the knowledge and 
behavioi of individuals at different 
levels of expertise, then identify con- 
sistent differences in knowledge and 
skills that might account for differ- 
ences in competence. 

This is usually preceded by a de- 
tailed logical analysis of the knowl- 
edge and skills that seem to be re- 
quired. It is increasingly common for 
researchers to write computer pro- 
grams that simulate understanding 
of the science or mathematics— using 
only the specific knowledge and 
processes inferred from the study 
of individuals. Because computers 
are extremely simple-minded and 
unforgiving, this forces one to make 
explicit "eveiy little bit" of knowl- 
edge required in the process. 

Research of this kind differs in im- 
portant ways from most of the edu- 
cational research that was under- 
taken in the past, particularly that 
which compared the effectiveness of 
different Instructional programs on 
student achievement or attitudes. 
The ultimate objective— to increase 
the effectiveness of learning— is un- 
changed, but the more immediate 
goal is to explain, in considerable 
detail, what constitutes learning or 
knowledge. This necessarily requires 
a different method of research, 
namely intensive observation (and 
subsequent simulation) of individu- 
als, rather than the aggregation of 
statistical data. 
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Several ir™terasting findings emerge 
from recent research of this sort, par- 
ticularly in projects studying com- 
petence in ^solving problems in phys- 
ics or matt^ematics. On^ finding is 
that expert^s^ when confronted with 
a pmblem tto solve^ consider it qual- 
itatively before they begin a quanti- 
tarive soluQcion. That ii, the expert 
engages in ^much more planning than 
the novice and is aided by a great 
deal of rpcrMHftr knowledge about the 
problem d»omain. This planning is 
triggered fa^y features of the problem, 
which ider»tify it as an instance of a 
particular l«ind of problem for which 
the expert possesses a rich network 
of inform^^tton and strategies. The 
novice may^ well "know" many of the 
specific £a€=ts and conditions in iso- 
lation, but seems not to have inte- 
grated thet^3i into a richly interrelated 
structure. J'^s a result, the novice at- 
tends to tteie more obvious (surface) 
features o^S the problem, retrieves 
from mem^oiy one or more equations 
thought t^ ^ppiy ^0 such problems, 
and proeee^-ds algebraically. 

Major a^shievements of this re* 
search hav^ee been the discovery that 
botl expends and novices proceed 
consistently^ when working on prob- 
lems and tEhe finding that there are 
clear differ«^nces in knowledge and 
strategies a.=iSSQciated with differences 
in problenr^-solving ability, Specific 
knowledge * of these differences per- 
mits us t^B design instruction that 
should "cl^^se the gaps/' Work by Jill 
Larkin an^B Herbert Simon at Car- 
negie-Mell^on University has contrib- 
uted consSderably to such under- 
standing, jp^red Reif, a physicist from 
the Univer^sity of California, Berke- 
ley^ is eng^Bged in what he calls "hu- 
man cogrtaitive engineering/' de- 
signed to close the gaps through 
particular i=instruction and practice. 
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STUDIES AND PROGRAM ASSESSMENT 



STUDIES AND PROGRAM ASSESSMENT 



DesQriptlQn of Aettvitlei 

The Studies and Analysis Program was esmblished in 
this orfice to help determini the status and condition of 
dementary and s^ondary eduemion in mtnc^, mat hematic, 
and technology in the U. S. The objective is to provide data 
to help with policy formuletlon and to support leadership 
efforts of the Foundation in science and engtneenng 
educatson^ 

Among the responsibilities of this office are to: 

— Support the eoUection, analysis, evaluation* and dis^ 
semination of information on the status and condition 
of education in mathemaiics, science, and technology 
in the U. S. by means of a program of external grants 
and contracts and internu! analysis and publications 
of n^ajor indicators; 

^ Establish and maintain data systems designed to 
monitor the status and proeress of education In the 

as.: 

— Determine through the design and implementation of 



systematic program evaluation the impacl and outi. 
comes of past and present HSF suppsrlfor icience 
and engineering education. 

— Conduct a study to respond to Pui iicUw 98^371 
which provides that "$2,000,000 shaH ' ^midc avail- 
able for a contract to develop a sciencHducation 
plan and management itruciure for the Foundalion.^' 

Studies and Analysis projects were rirst fufldedln FY 84« 
During FY 84-85, 28 awards totaling S3,7niillion were 
made to support these objectives, exclusive ©filiecQngreis^ 
ionally^mandated study. 

For Moro Information 

All types of organliations. both nonprGlil ifid profit 
making, are eligible to submit proposalo at anyiimc. Con- 
tact Ihe Studies and Analysis Program by writing the 
Direetorate for Science and Engineering Educition, Office 
of Studies and Program AsseiSment, Natigiiil Science 
Foundation, Washington* D.C. 20550, 



Sources NSF, Directory of Awards, October 1^ 1983"^September 30, 1985 1 



Directoratie for Sclenca and Engineering Education, February 19B5, 



RESEARCH IN TEACHING AND LEARNING 



RESiARCH IN TiA^ f tQ AiMi LEARNING 



Ob|eetiv# of the Program 

This program supports basi^ md appli^ rsseareh on 
signiri^nt factors that underlia f^ffective t^dxlng and laming 
of preeoUege scien^, mathcmai and t^hnology. Antid- 
pattd outcome include irjiowt*^ge of how studentl learn 
compkx concepts in seitm^ and mathemattai of how they 
learn to apply thes« concepts efTectively In real problem- 
solving situations, and of those factors that are most Innu- 
entlal In governing their participation and perrormance in 
school science and mathematl^ cous^. 

Soopa of th# Program 

Appropriate project activities includei but are not lim- 
ited tOi the following: 

« research on teaching and learning in sp^fic disdplinary 
and knowl^ge domains (chemistiy, physic, mathema^ 
tics, biology, computer science, etc.); 

• r^earch on the early development of cognitive com> 
petence, and on the pro^s^ by whl^ students l^m to 
solve problems in logic, mathemati^, and science; 

« research on the acquisition of knowledge and Its rep- 
r^ntation In specific areas of science and madiematics; 

* research on information processing models as they re- 
late to science teaching and learning, on the eHects 
of Incoiporating information pro^^ing technology into 
the traditional school setting, and on the distribution 
and adoption of new technologies; 

• research on factors that influence the quality and ef^ 
fectiveness of instruction in science and mathematics 
and the participation and achievement of students at 
various ages; 

* research on fictors that are Influential in the develop- 
ment and maintaining of interest, including ^rly develops 
ment of motivation and talent, in sden^, mathematics, 
and technology. 



: ^smpl^ are illustrative only and res^rdi proposals 
if. ?t'pics dealing with teaching and learning are also 
t^ricour?.^d. This area is being pursued in collaboration 
wUh N^s Dimctorate for Biologi^l, Behavioral and Social 
^ci^aces and Is also described in a separate announ^ment« 
(NSF 84^74). 

Charaoteristles of the Program 

In addition to the general characteristics described above 
for all materials development and research programs, the 
following points are relevant. 

Projects should focus on critical questions related to 
t^ching, learning and ^gniUve proc^^. R^^rch r^ul^ 
should add to the cumulative body of knowledge; conse- 
quently, proposals should be baied upon a sound theoreti- 
cal foundation and demonstrate an understanding of the 
relevant literature. 

In its support of research in the subject matter domains, 
the program encourages involvement by scientists, mathe- 
maticians and engineers, and wishes to encourage their coU 
lab oration with researchers from the behavioral and social 
sciences and education. 

The program especially encourages propoials that com- 
bine research with the development of instructional materi' 
als and model teacher education programs, as well as the 
application of new technologies. 



Source I KSF/SEE, Program Anno unc amen 1 1 Materlale Davelopment and Research , 
NSF 85-10, April 1985* 
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STUDENT SCIENCE TRAINING (SST) 
1978 



Studtnt SeNnM Training 

In this progrim, university reieirch 
Kientiits are involvtd directly with 
groupi @f talented high ichool stu- 
dents. Of the 130 proitets for lith and 
12th grade secendary school itudtnts 
suppgrtfd in 197B, 83 were deiigned 
for the tducationil divetopmtnt of 
high ibility students with exetllent 
training ind 67 were dtiignid for itu^ 
dents with dimonstrated high pottn^ 
till but limited tducational opportuni- 
ties. Thsse litter projects focuied on 
students with inidtquate fadlitiis or 
instruction who were located in the 
inner eities or in isolated rural areas 
and who belonged to educationally 
diiidvantaged populations. Projects 
ranged from intensive programM in a 
single science di'iciplini to multidiid- 
plinary activities in oceanography, op= 
trations rtsearch, textile engineering, 
urban geography, and environmental 
iisessment. Two projects were di- 
signed and operated specif ically for the 
physically handicapped. The following 
are exarnples of projects funded. 

An academic year project at Portlmd 
State University involved ZB high 
school students who traveled thmugh- 
out Oregon observing and talking with 
groups repreienting Indian, European, 
and Oriental settlirs in the area, The 
students also carried out in-depth re ^ 
search projects on topics related to 
Oregon's heritage, and many of theie 
are being placed in the Portland State 
University Ubraiy as part of the social 
science holdings. As a direct result of 
the project a new undergraduate 
course, an in-service course for 
teachers, a course for itudtnts ages 
11-13, and a course for adult members 
of local cultural/ethnic organizations 
are being initiated in the region, 



A Wayne State University project 
focused on the engineering challenges 
to the automotive industry. The proj" 
ect involved 32 participants and utiU 
iied lectures, lateratories, field trips, 
and individual research, Student re^ 
search projects included the effects of 
driver<ontroUtd variables on the fuel 
^onomy of a car and the effectr^ of 
various seat belt designs on the safety 
of a car's occupant in an accident, The 
faculty involved in the project are tn^ 
couraging and helping the studifnts to 
prepare presentations for their own 
high schools on their study and re- 
search. 

Thirty high school students with 
limited educational opportunities, and 
primarily from minority groups, wrre 
given an opportunity at Louisiana 
State University to understand the 
analytical thought process and activi^ 
ties of engintering and to participate in 
engineering dts^n pro{tcts. Many of 
the itudtnts, though the best in their 
clasies in their rural schools, had n^ver 
been challenged and were not aware of 
reaUworld technological problems. 
Places visited included NASA's John^ 
son Space Center, Te^as Instruments, 
and the Louisiana Power and Light 
Company. Faculty and guest lecturers 
presented talks on careers in the 
various fields of engineering, job 
prospects, and requisite preparation, 
and students participated in project^ 
design work in engineering fields of 
their choice » 
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68. WOMEN IN SCIENCE (WIS) 
1975 



and Expermial Projects 

In ordiplolind ways to Increase 
the numberof in sciirttific 

and tecHnid ciriers, an activity 
comparablgiolhi one for members of 
ethnid s/iinorlly groups was con- 
tinued into (It second year. Of the 
eight nevy rtvitiei in four 
wer^ siudiii ind four were e^^ 
perimenialpfoltcts.Two sludiei ar% 
directed tolki attrition of women 
itudents □{iclgnca and engineeririg 
during ihejfeoUege years; one is 
aoncefngd with the relationship 
bitwien malkimatics learning an4 
inteUectaal ind cultural factors for 
female andmiliitudents in gradei 6 
to 8: and aMlhar is a longitudinal 
study of tliHcience career crisea 
e3cperieneedtMPP^"0ximately 2,600 
high-abilitj, young women who 
particlpatediiiNSF-funded Student 
Scieridi Triiftini programs durins 
1974 and fa. The experimental 
projedts include a workshop fop 
career Iwltace personnil, the 
evaluation oil film on 
eniineirmyjliilarge-ieale distribU'^ 
tion of ceriif-r elated materials to 
girls in thsOiand I2th grades, and t 
cQoperatlviviiiture by four liberal 
arts colleSislofvaluate the relative 
effects of foli models, improved 
counselifigjnd internshipi. These 
eight awtfJj bring the totals for 
fiscal yi^rsie74 and 1975 to i? 
studies andllixperimental projects. 
A dontract hiibeen awarded to the 
Denver pe«h Institute to do an 
impact ar^elyiliof the projecta. 
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69. MINORITIES, WOMEN AND THE HANDICAPPED (MWH) 
1978 



ind ihm Ptiysiully 
HandlMpped in Soitnee 

Theit prognmi devtlop and test 
mtthods to ittract, encourage, and 
motivitt the partidpition in icit nee by 
minorities, women, and the phyiically 
handicapped. Aetivitiei include itud- 
iti, workfhopi^ and special triining 
opportunitits beyond thost available 
in existing formal science educition 
programs. 

Minorillts 

Uiing the proven models of the stu^ 
dent scitnct training and unde^radu^ 
ate reftarch participation programs, 
tht Foundation supported projects to 
motivatt and train more minority stu-^ 
dents and providt them with the op^ 
portunity to study and do rtstarch in a 
variety of scientific dssdplints. For 
example, at Texas Ttch Univtrsity ten 
participants art working with rtstarch 
faculty on projects in energy^rtlated 
rtsearch, includingt the dtvtiopmtnt 
of computer^tntrattd masks for uit 
in Optical data processors^ which would 
reduce coits In Information retriivali 
the dtvtiopmtnt of an tiectroitatic 
tnergy analyitr; and a study relattd to 
contrasts and clutter in atrial photog^ 
raphy. Through thest activititi the 
participants will bt bttter informed 
about tht nature of scientific resiirch 
and will be able to make more rtaliitic 
career decisions. 

Womtn In ^lenee 

Twenty-five workshops involving 
approximattly S,OQO womtn i^udtnts 
in coUeges and universititi wef/t car- 
ried out in 17 States to provide in-depth 
information on careers in scitnct and 
enginttring. Considfrabit Inttrtsthai 
been gtnerated by the visiting women 
scientists projtct. This draws on the 
work txperltnce of carter women 
scientists, who also strve ai role mod- 
els ' to motivatt girls in secondary 



ichool to continue ttudying scienct so 
they don't cut theniitlvei off from a 
possible carttr in scienct. Ovtr 600 
women applied to sei^e as visiting 
seiintiits; 40 were selected to visit 110 
high fchDols. 

Six projects wmrm to assiit womtn 
with science dr^rm^% who art currently 
not tmploytd in scitnce or art undtr- 
employed in terms of their potential. 
On completion of special training to 
update th©ir icience backgrounds, 
ihfie participants are prepared for 
tntrance into graduate school or for 
dirtct emplaymtnt in icjenct. 

nyilesily Handlcappad In 

SslinM 

Fiscal year If f S was thm second yeai 
of optration for the physically handle 
eipptd in science program. Six of the 
proftcts directly involved handicapptd 
itudentf of ^ient^^ Typical was an 
enyironmtntal research activity in- 
volving 20 high school studenti who 
participated during the summer at Ma- 
rist CoUtge in Foughketpiit, N.Y. 
They atttnded lecturti^ did laboratory 
experiments in water testing, per- 
fomied parasitology itudits on fish, 
and liarned ecological sampling ttch- 
nlquis. Another project modifitd a 
eollige gtneral biQlogy courst for the 
vilually impairtd so ds to use other 
igniti, such as touch and sound, to 
lugmtnt or repUc© sight. Two confer- 
inets asiessed the current statt of 
iciince education for the handicapptd 
and looked at ways to eliminate barri^ 
m In postsecondary tducationi and 
four workihopi dtalt with tht genera^ 
tlon of carter information for the 
hindicapped. AH projects wtrt de- 
sjgntd to help facilitatt the entrance of 
hindicapped studtnts into careers in 
scitnce and icience education. 
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\b: information dissemination for science education (idse) 

1979 



Information Dissemination 
for Seienoe Education 

Now In hi third yiar of operation, this 
small granti program help^ ichool ad^ 
miniitratori, iubjfct-mattiF sptciallits, 
tedchDr-leaderi, ichooI board mtmbfri, 
and other decisionniakers in State and 
local school systtms to obtain informa- 
tion about initructional materiali and 
practices prior to ielectlon. 

Thiriy»six awards in fiscal year 1979 
for conferences and workshops enabled 
such school decisionmakeri to becomt 
familiar with the large variety of icience 
instructional materials, practices, and 
ttchnDlogies currently available for use 
In elementary and secondiiry schools. In 
some projects information on current re- 
search results in pre-college science and 
mathematics education was pr^ented to 
participants along with potential class- 
room applications. 

It is in teres ting to note the increase 
in the number of awards addressing two 
of NSF's special emphasis areas: science 
for the early adolescent and science for 
handicapped students. All but one.of the 
36 awards are targeted In wholyor in part 
at the early adolescent educational level. 
Six awards and approximately 11 per- 
cent of program activities are aimed at 
the special problems of science for handi- 
capped students. As In previous years 
there continues to be considerable in- 
terest In the dbsemlnrilon of information 
about alternative curricular materials 
and InformatkDn on computers and hand- 
held calculators. 

This year's projecte Include six r^ional 
conferences held in Ohio for junior and 



senior high school mathfmatlcs educa^ 
tors under a grant awarded to Ohio Uni- 
versity. These cenferencei provide di- 
rection on problem solving, alternative 
curricular materials, and the use of hand- 
held calculators In the s^ondary school 
clasiroom. East Carolina University is 
conducting four v^rkshops to inform 
educators throughout North Carolina 
atout the goals and organization of sev- 
eral icIence programs designed specifi- 
cally for mentally and physically handi- 
capp^ studente. The Wisconsin Academy 
of Science, Arts, and Letters is working 
with State science iupervisori and uni- 
versity personnel to conduct regional 
confereiices in lowa^ Minnesota, and 
Wisconsin on new ideas of Intellectual 
development and their implications for 
helping students to develop reasoning 
ability while learning science. The Uni- 
versity of California, Berkeley, Is arranging 
conferences on calculator-assisted math- 
ematics materials, teaching ideas, and 
strategies including calculator hardware 
and commercially available instructional 
materials. 
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50. RESOURCE CENTERS FOR SCIENCE AND ENGINEERING (RCSE) 
1979 



Ras€»urc# Centara for 
Scisnet and Engmesring 

This pFpgram, a succffior to the earlier 
minority cinteri for graduate tdueation 
in icience and engineering program, in- 
creases participation in icience and engi» 
ncering by minorities and perioni from 
low'income families. As in fiscal year 
1978, the Foundation was authorized to 
eitabiiih a single reiou res center in 1979. 
Criteria for selection were that ilt (1) be 
geographically located near one or more 
population centeri of minority groups or 
low-income families; (2) support basic 
research; (3) serve as a regional resoUFCe 
in icience and engineering; and (4) develop 
joint educational programi with nearby 
pre-coIJege and undergraduate Institu- 
tions enrolling substantial numbers of 
minority students of students from low^ 
income families, 

Atlanta University received the first 
award as a result of the first competition, 
The next two ranking proposals from 
that competition were invited to submit a 
Joint proposal for 1979, These two in- 
stitutions, the University of New Mexico 
and New Mexico State University, sub- 
sequently received support in the amount 
of $2,742,000 for a Southwest Resource 
Center, 

The Southwest Resource Center is ad- 
dressing itself to graduate and under- 
graduate education, 2*year collies, public 
school education, and community affairs 
as they relate to increased science aware» 
ness and to the development of young 
scientists and engineers, The University 
of New Mescico and New Mexico Stale 
University will be Joined by at least 15 
educational institutions and two scien^ 
tific laboratories in their efforts to in- 
crease both science awareness and the 
number of scientiste and engineer among 



the Mexican-American and American- 
Indian communities in New Mexico^ 
western Texas, Arizona, and Colorado, 
Activities within this center will be 
conducted primarily througli two major 
components. Among the activities pro- 
posed for the pre-coihgeand commumty 
programB are teacher/counselor work- 
shops, science fairs and exhibits, visits 
to scientific laboratories, development 
and dissemination of career guidance 
materials oriented to Mexican-Americans 
and American Indians, educational tele« 
vision programs, regional conferences 
focusing on minority issues in science, 
and a visiting scientists program. The 
academic and rsBearch programg will 
support faculty and student research proj- 
ects, provide a limited number of post- 
doctoral fellowships and faculty-itudent 
research internships, assist participating 
institutions in their minority science fac- 
ulty and student recruitmentefforis, and 
provide counseling and tutoring services 
for minority science students. 
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PHYSICALLY HANDICAPPED IN SCIENCE (PHIS) 
1979 



PhysiGilly Handiaapped in 
Seienoa 

This program supporttd 16 projects in 
(1) itudtnifcience training; (2) devdop^ 
menl of carter Inforniationi and (3) field 
ttiting and evalua^cn of icif nee courses 
adapted for ihe phyiically handicapped. 
For example^ under one of those awiFds 
the American Chemical Society (ACS) 
is reviewing introductory college chem-< 
Istry couries to assess the need for modi- 
fications in lectures and laboratory 
activlti^ and equipment for handicapped 
students. The ACS will produce and 
diitribute a manual to aid collie per^nnel 
in teaching general chemistry to physic^ 
ally handicapped college students. 



63 



16, RESEARCH APPRENTICESHIPS FOR MINORITY HIGH SCHOOL STUDENTS (RAMHSS) 
1980 



Attracting and Supporting 
Minorities in Selanee 

NSF conrinually monitors its leve! 
of effort in iupporttng minorities un- 
derrepresented in science through all 
of its science personnel improvement 
programs. Overall, in $5,7 miN 
lion, or 18 percent, of the program 
kurids were used in d»rect or indirect 
support of minorities. Of that 
amount, $2.7 million was in support 
specifically targeted programs, 
while $3.0 million involved minority 
scientists or potential scientists in the 
absence of any special minority tar- 
geting. 

The research apprenticeships for 
minority high school students have 
the youngest minority target pool. 
Interest in the program this year was 
so intense that only one out of ten 
applicants could be supported. Pro- 
gram operations are basically iden- 
tical with the student science training 
program^ except that the apprentice- 
ships include stipend support* In- 
deed, 97 percent of the apprentice- 
ships project directors have had 
student science training experience 
at some point. This dual experience 
should benefit the operations of both 
programs in the future. The research 
apprenticeship program also allows 
project directors to experiment with 
recruiting techniques and to test the 
effectiveness of retention mecha- 
nisms. One of the projects/ at the Il- 
linois Institute of Technology^ wiU be 
making links to industry throughout 
the coming year. 
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APPLICATIONS OF ADVANCED TECHNOLOGIES 



APPLICATIONS OF ADVANCED TECHNOLOGIES 



Objeotlya of the Program 

This prograrn supports research and development on the 
applieation of idvaneed technologles^partieularly the 
eomputer^to scienee and mathcmatl^ edueatlon. Support 
is provided for the escploratton, dcvelopmenti and proof-of- 
concept demonstration of advanced computer and telecom^ 
munication teehnologies utilization In education. Projegts 
may focus on technology as a tool, a medium, or an object 
of study^ Among the anticipated products are innovative 
educattonat systems, authoring languages, problem iolving 
^ools, courseware, microworlds, tutors, and expert systems 
that increase the efriciency and effectiveness of instruction 
at all levels. 



Seopa of the Program 

Appropriate project activities include, but are not lim= 
itcd to, the following: 

• development, testing, and evaluation of advanced 
computer-based systems for precollege mathematics, 
scienoe, and t^hnolo^ eduction that augment human 
intelligence, intuition and problem solving^for ex<^ 
ample, intelligent videodisc; 



• deveiopment of innovative computer applications that 
offer exceptional promise of educational e^ectiveness 
and efficiency; 

« development of mechanisms to facilitate the wid^proid 
use of these products and concepts^for example, net- 
works and authoring systems. 

Charaetarlities of tho Program 

In addition to the general eharacteristics described above 
for all materials development and research programs, the 
following points are pertinent. 

This program is concerned only with Issues at the fore- 
front of technology applications to science and mathemat- 
ics education. For example, although the computer has 
been demonstrated to be effective for drill and practice, can 
it i)e used to foster deeper cognitive development? Can 
knowledge-based expert tutorial systems be deigned to diag- 
nose and address student conceptual and reasoning difTiculti^ 
in science and mathematics? Can interactive computer pro* 
grams be developed to help students acquire the ability to 
solve problems in different technical contexts? 

Projects are particularly encouraged that seek to aug^ 
ment human learning, thinking, and problem solving through 
application of the most advanced technologies^ 



Source* NSF/SEEp Program Announcement i Ma tar tale Davelopmenc and Research ^ 
NSF 85-10, April 1985, 
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51. PUBLIC UNDERSTANDING OF SCIENCE (PUOS) 
1975 



Publia Understanding of Scienee 
Pfograns 

Sinae World War n» icianca and 
technology have enriched our lives 
and made them more complex. 
Because of the rapid pace of scianf if Ic 
development. It is no longer poasible 
even for scientists themselves to 
remain completely abreast of current 
discoveries. The layman*s task is far 
more difflculti and yet some level of 
scientific comprehension is essential 
If the public is to make sound 
judgments on thoie many public 
policy issues heavily permeated with 
scientific and technical elements. 
Recognising this need, the National 
Science Foundation established the 
Public Understanding of Science 
Program in 1959 to provide modest 
support for projects across the coun- 
try directed at improving public 
knowledge of the potential and 
limitations of science. 

During fiscal year 1975, the 
program, continuing the trend of 
recent yearst concentrated much of 
this support on the intirrelationships 
of science with public policy issues, 
flxperience has shown that science 
becomes less mysterious and more 
personal when it is related to 
problems facing the individual, 
either personally or through his 
family, communityi or nation. 
Therefore, many public understand- 
ing of science projects dealt with the 
scientific and technical elements of 
such major questions as enei^y 
resources, growth and the environ- 
ment, food, and similar subjects. 

As in previous years, projects were 
supported at a variety of institutions 
and utilized a wide range of com- 
munication channils, including print 
and broadcast mass media, museums 
and other community-abased 
educational institutions, and public 



forums and workshops at the 
regional, Slate, and local level, A 
strong research component was built 
into the program this year to comple- 
ment and support ongoing projects. 

In television, this was a banner 
year as the NOVA science series 
(supported by NSF, the Carnegie 
Corporation, Polaroid, and The Cor- 
poration for Public Broadcasting] 
continued its excellent coverage of 
many areas of basic and applied 
science. In all, 23 programs were 
produced, and the year culminated in 
receipt of the prestigious Peabody 
Award by NOVA producers. A major 
research study was completed by 
Educational Expeditions, Inc., in 
Boston during fiscal year 1973 for the 
development of a talevision series on 
Indian migration' and history, "The 
Peopling of the New World," The 
series, to consist of nine programs, 
has involved many archaeologists, 
anthropologists, and historians in 
the preliminary research and script 
drafting. Finally, a promising 
statewide program was initiated 
with the Montana Academy of 
Science, which will produce a series 
of television programs highlighting 
areas of science of direct interest to 
citizens of that State. This project, if 
successful, could be a prototype for 
other statewide programs' in the 
future. 

Museums received support in 
fiscal year 1975 for both cooperative 
science exhibition programs and for 
the development of special traveling 
exhibits on sciance-related subjects. 
The Field Museum of Natural 
History is completing work on a 
trnveling exhibit, "Man and His 
F nvironment," The. University of 
Colorado, Denver, is now entering 
the fabrication stage of a traveling 
exhibition on th^ potential of solar 
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enirgy. This exhibit wiU be com- 
pleled by th^ spring of 1976, 
Michigan Tichnical University, wi^ 
support from the Foundation and 
private industryi inaugurated a 
traveling science and technology 
program which brought special ex^ 
hibits and demonstrations on energyi 
spacet and the environment to com^ 
munities throughout rural upstate 
Michigan. A major bicentennial- 
related museum program has 
premiered at the Boston Museum of 
Science with a large exhibition, 
*^ankee Ingenuityi" which focuses 
on the inventive propensity of 
Americans throughout our first 200 
years. The first of four environment^ 
related traveling exhibits has been 
campleted by the Smithsonian In^ 
stilution'i Traveling Exhibition Ser^ 
vice* This first exhibit dials with the 
problem of population and is current^ 
iy booked in museums around the 
country for the next 2 years. 

In addition to the mass media 
programs, a large number of 
'^dialogue" projects were supported, 
including workshops, seminars, and 
public forums. These included a 
series of lectures on the basic 
sciences sponsored by the University 
of Florida, and a series of citizen 
workshops on energy and on food 
developed and sponsored by the 
American Association for the Ad^ 
vancement of Science in various 
cities across the country. An attempt 
to reach the blue collar audience was 
Inaugurated by faculty at Tulane 
University in New Orleans, with the 
cooperation of State and local AFL^ 
CIO* The Tulane group organized and 
conducted a series of special 
workshops for union officials on the 
impact of technology on the work 
force^both today and as forecast 
into the future. These workshops will 



be continued next year and may form 
the basis for similar programs with 
other union groups across the coun- 
try. 

Much attention was paid this year 
to the development of a research 
focus for the program. A major 
national survey on public 
understanding of science and public 
attitude! towards science Is under 
development at the Center for Policy 
Research in New York* Pfeliminary 
planning meetings have been held, 
and a series of open ended oral 
interviews have been conducted with 
citizens in the New York area. The 
survey Itself will be concluded by the 
summer of 1976, Gerald Holton at 
Harvard University has continued 
his analysis of the intellectual 
challenges to science literacy, and 
this year, with .support from the 
program, has undertaken an analysis 
of the interrelationships between the 
public understanding of science and 
concern ibout the ethical uses and 
impllcaUons of science, A series of 
simlla. research projects was in- 
itiated during fiscal year 1975 to 
analyze the effectiveness of various 
ways of communicating science to 
the general public. An evaluation of 
the impact of television on science 
communications was conducted in 
San Diegti* and other experiments are 
planned for next year. 
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74. ETHICS AND VALUES IN SCIENCE AND TECHNOLOGY (EVIST) 
1978 



ithics and VaiuM in 
SclenM and Technology 

The ethlCi and values in self nc@ md 
teehnology (EVIST) program i§ dh 
reeled tovsrard identifying, anilyiing, 
and resolving the ethieal and social 
dilfmniai that ariit In tht work of 
scientisti and engineers and in their 
interactions with citiiins afftcttd by 
their work. 

An International Sympoiiuin on So* 
dal Values and T^hnology Choice^ 
organized under the auspicts of the 
U.S. Pugwash Committtt and th§ 
American Academy of Arts and Sciin-^ 
cei, was held in Racsnt, Wisconsin, in 
June 1978. The symposium brought 
together 35 scientists, scholars* anf^ 
Government officials from the United 
States, Latin America, Weitern and 
Eastern Europe^ Asia, and Africa. 
Issues includedi What potential exists 
for the control nf technoiogy and its 
direction toward the attainment of 
social goals? Can "appropriate technol- 
ogy" In its varied definitions serve as a 
guide to the technological choices that 
must be made in the industrialized and 
developing nations? Is there a possibil- 
ity for an international convergence of 
appropriate technologies? Edited pro^ 
ceedings of the conference will be pub- 
lished in book form during the spring 
of 1979. 

A series of workshops and a final 
summary conference on ethics and 
values in agricultural research were 
held during the spring and summer of 
1978 by a group at the Social Science 
Division of the University of Califor- 
nia, Santa Cruz. These meetings 
brought together agricultural re^ 
searchers, coniumers, labor union of^ 
ficials, harvest workers, growers, and 
State agricultural agency and legisla- 
tive ^rsonnel to explore varying value 
assumptions about agricultural re-^ 
search and to identify the most impor- 
tant ethical issues that are implicit and 



explicit in setting priorities for that 
research. The results of the project will 
be published as a monograph. 

A group at Purdue University com- 
pleted a 2-year, in-depth study of the 
case of the three engineers who were 
discharged by the Bay Area Rapid 
Transit (BART) system in June 1972, 
after they had taken their concerns 
about the safety of the system to the 
public through the mass media. During 
the course of their research, the 
Purdue group assembled and studied a 
large number of documents and inter- 
viewed the engineers, their colleagues, 
the BART Board of Directors and man- 
agement; and members of the Califor- 
nia Society of Professional Engineers 
in an effort to assess various perspec- 
tives on the ethical problems asso- 
ciated with the case^ The results, being 
published as a monograph, will be an 
important contribution to the debate 
on the increasingly compelling issue of 
dissent within technology-based or- 
ganizations whose activities have di- 
rect bearing on the public interest. 

A group at the Institute of Society, 
Ethics, and the Life Sciencei in 
Hastingi-on-Hudson, New York, has 
completed the first year of a 2-year 
study of ethical problems associated 
with scientific research on aggression. 
The study is focusing on the details of 
three cases in which research projects 
dealing with aggressive behavior were 
aborted due to external social and pol- 
itical pressures. These case studies are 
providing the basis for a broader analy- 
iis of the ethical issues associated with 
research in areas on the frontiers of 
science, where there may be major 
differences of professional and public 
opinion about the legitimacy and mor- 
ality of conducting and applying re- 
search. 

A group at Montefiore Hospital i<nd 
Medical Center in New York City is 
engaged in a prolect on ethical issues in 
the delivery of health care within de- 
tention and correctional institutions^ 
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Its objeetivei are twofoldt (1) to pro- 
vidt heilth care profeiiionils, stu- 
dents, and triinees with the ikills re^ 
quif^ to identify, articulite, and 
analyie the relevant ethical and legal 
iiiutsi and (2) to develop ttiching 
methodologiei and materials that can 
be u§ed at other institutions. TheproH 
€ct ii being carried out at the Riker's 
IsUnd Correctional Complt^c and is 
being overseen by an idvisory commit- 
tee of physicians and former inmates at 
the complete, 

A grant from the EVIST program 
permitted the American Association 
for the Advancemtnt of Science to 
complete and pubUsh/ in fiscal year 
1978, a resource directory of programi 
and courses at U colleges and uni- 
versities related to ethics and values in 
science and technology. The survey 
revealed that nearly 120 programs and 
over 900 courses in over 100 ' dtu- 
tions are directly concenied with these 
issues. The directory outlines current 
academic efforts in the area/ thus send- 
ing as a useful resource to institutions 
that are already offering courses and 
programs on ethics and values in 
raence and technology, as well as to 
those that are contemplating such ac^ 
tivitiei. 
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SCIENCE FOR CITIZENS (SFC) 
1978 



Science for CItiiens 

The overall goals of the icience for 
dtiiens (SFC) program are twofold^ (1) 
to make seientific and technical infor'^ 
mation and expertise avillablt to citi^ 
zens at the times and in the ways most 
useful to them; and (2) to increiie the 
knowlidgeable partidpation of scien- 
tiiti and citizens in reinlving major 
iiiues of public policy that involve 
science and iocietyi 

In fiscal year 1978, its second year, 
the public service science residenciei 
and intemshipi program awarded 25 
residencies to icientlits and engineeri 
and 9 internihipi to science and engi- 
neering students. These awards allow 
them to undertake up to a year's activi- 
ties with citizen groups and other or^ 
ganizations in need of their eiipertise. 
Exampki of the projects being under^ 
taken by fiscal year 1970 reiidenti and 
interns include a resident, working 
with the Navaho Nation and Colorado 
State University, who is studying the 
nutritional ititui of native Amerlcani 
and conducting training sessions on 
health and nutrition policy for native 
American decisionmakers. Another 
resident is producing and moderating 
bilingual radio programs f^uied on 
scientific iisues in proposed State leg- 
islation for the Association of Califor- 
nia Fubiic Radio Stations. An intern is 
working with the Center for Local 
Self-Reliance and the Minneiota State 
Legislature to evaluate urban energy 
conservation programs and to encour- 
age citizen participation in developing 
energy policiei. 

Some preliminary results from the 
fiscal year 1977 science for citizens 
forums, conferences, and workihops 
indicate that those projects were able 
to bring scientliti and citizens to^ 
gether to shed light on and help resolve 
iisues of public policy that involve 
science and technology. A number of 
publications are currently available 



from these first projects* The Cilizen 
Involvement Network (Waihington, 
D.C J, for eximple, has published RilrQ^ 
fii 7fl, the proceedings of a New Eng- 
land conference on community- 
f^used home insulation and energy 
conservation programs. Another pub- 
lication. The (immunity CommunicstiQm 
Workbook of the Knoxville (Tennessee) 
Communications Cooperative^ is in- 
tended to asiist persons intereited in 
understanding or undertaking com- 
munity-based cable radio or TV ler- 
vices. 

In 1978 the SFC forums, confer- 
ences, and workshops program sup- 
por id 16 new projects, among which 
are a workshops with radio coverage, 
held by the Turtle Mountain Com- 
munity College on the forest ecosys- 
tem, so that tribal members can partici- 
pate in the formulation of timber 
cutting policy on the Turtle Mountain 
Indian Fveiervation in North Dakota. 
The Fubiic Resource Center (Wash- 
ington, D.C.) is conducting a series of 
Appalachian community forums to 
look at the changing environmental 
and occupational health needs result- 
ing from industrial expansion in the 
area. Northeast Louisiana University 
is establishing a Regional Utilities In- 
formation Center to hold workihops 
on energy-related iisues, which will 
involve fuel iupplieri, utility compan- 
ieSj regulatory authorities, and consu- 
meri. 

As a new initiative in fiical year 
197S, the icience for citizens program 
also awarded 17 planning studies 
grants to community groupi, public 
interest science organiiationi, and ed- 
ucational institutions and service or- 
ganizations, These grants are intended 
to help them develop stable organiza- 
tional structures and proceises (such 
as public iervice science centers or 
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nttworks) that can providf timely and 
intflligible icifntific and technical as- 
siitance to their communitiei. Exam- 
plei of the fiscal year 1978 planning 
studies grants include a project where 
the Metrocenter in collabo- 

ration with the City of Seattle^ the 
People Power Coalition, and the Uni- 
versity of Waihinglon, is planning a 
Seattle Metropolitan Technology As- 
iesiment and Transfer Center to link 
area scientific and technical resources 
with citizen groups. In another, the 
Georgia Community Action AssDcia- 
tion will evaluate methods for provid- 
ing technical advice on science- and 
technology-related policy issues to dis- 
advantaged citizens in urban and rural 
areas, and will prepare guidelines for 
the eitabliihment of a Citizens Tech- 
nical Advisory Center. The Southwest 
Research and Information Center is 
producing a model for a network of 
New Mexico organisations that can 
deliver icientific information to citi- 
leni to help them work with Kientists 
in identifying and resolving public pol- 
icy issues involving science and tech- 
nology^ 
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IMFORMAL SCIENCE EDUCATION 



INFORMAL SCIENCE EDUCATION 



Ob|@ctivas off th@ Pragram 

9 Provide greater and mutually reinfordng appoftunU 
lies for the publie to make use of the rteh r^urt^ for 
ieientin€« mithematl^l, and technot^i^l l^mmg whi^ 
exist outside the formal educational syitems. 

• Allow for increased interaetions betw^n the rormal 
educational systems and the resources and itaff of 
museums, zoos, and other Institutions responsible for 
the pi'eservatson and exhibttion of scientiflc phenom- 
ena and specimens. 

• Bicourage communications media to take a more intense 
and greater interest in Imparting knowledge about 
scientiflc, mathematical, and technological concepts to 
both the public at large and selected groups, 

• Encourage private supporters of the m^ia to focus 
efforts on increasing the scientiric and technologiwi 
literacy of the American public, 

• Encourage locaUmembership groups to provide mathe- 
mati^- and science-bas^ activiti^ for their members or 
groups served by them, in order to increase the amount 
of active engagement in oui-of-school mathemaii^ and 
science, 

• Provide an ircentive to examine the roles of women, 
minorities, and the physically-handicapped in mathe- 
mati^, science, and technology and to develop ways 
to encourage their full participation. 



Scope of th# Program 

^ This program supports projects that help to provide a 
rich and stimulating environment for informal learning, for 
a wide variety of audiences, in a cost-effective manner. 

A principal charaeterisiic of informal l^fning is its highly 
personal and internalized acquisition. Each person viiiting 
a museum, watching a television program, or pursuing a 
science hobby develops differeni insights and understanding— 
and the pattern of understanding thai develops is the r^uU 
of many overlapping impressions and experiences. 

For this reason, the program supports activities in a vari- 
ety of media— broadcastings museums, clubs, and other 
sources of direct science experience. A principal goal of the 



program is to entourage projecL^ that are both cost^tTec- 
tive and mutually reinforcing. Ai the same time the overall 
pattern must ^rve the needs of ii full ipectrum of age and 
interest. 

Representative projects include museum, eoo, and other 
activiti^ that en^urage personal interactive learning about 
sdence, mathemati^, and t^hnology. In addition to exhibit 
and sp^al programs, these include outreach activiti^, such as 
training teaehm to use museum and zoo n^urc^ efrectively, 
orfering special outK^f-school programs for students and 
parents, or deigning innovative ways to take the museum 
to the schools and the public ruther thari the reverse. 

Other projects, in print and broadcast mass-media, are 
able to reach extremely large and varied audiences, provide 
ing an intriguing overview of the scope and excitement of 
science — on a s^le that cannot be matched by any other 
means. NSF particularly interested in encouraging a well 
balanced army of such large-scale communis tion activiti^. 
This includes science series for both children and adults, 
via both radio and television. The NSF is also interested in 
periodic series on major areas of science and technology, 
especially when these promise to have lasting value. 

A parallel development of interest in science activities 
within locaUmembership clubs (for example, Girl and Boy 
Scouts, the ^* V", amateur science societi^, and service clubs) is 
necessary to encourage early and continued learning out^ 
side of school. Not only students, but parents, teachers, 
and all citizens, need to have opportunities to experience 
the joy and enthusiasm of exploration and discovery for 
themselves. 

In all cas^, projects should lead to programs or print 
materials that are bias-free, scientincally and educationally 
sound, and cost^frective in terms of their ultimate audi» 
ence and impact. Synergistic projects among the institu- 
tions involved in informal science education are particu^ 
larly welcome'^rojects that will encourage further personal 
involvement in riding and hands^n activities-H:ooperative 
activities between broadcasting and museums as a center of 
community interest in science. 



Source I NSF/SEE, Program A nnouncement^ Taaeher Enhancement and Informal 
Science Educaclon , NSF 85-9, April 1985. 
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Each area of amivlty has edmplementary strengths and 
purpose. 

• Broadwting mdi^ uniquely large audience, provkiing 
an Initial itimulus and overview that U unmatched by 
any other means. 

• Museums provide a direct personal experience with 
the phenomena and principle of icienee and t^hnology. 

• Pemnal activiti^ develop a depth of insight and involve^ 
ment that oinnct be matched by any less involving 
presentation^ 

The strategy of the Informal Education Program is to 
encourage all thr^, specially tn mod^ where they complex 
ment and reinforce each other. 



Charaotorlstlcs of the Program 

B^use the range of possible oui-of-sehool learning experi- 
ences in mathematics, science, and technology is so large, 
the Division has chosen to focus its selection of projects on 
the following strategic considerations: 

* A balance of key projects: The program is a pragmatic 
effort to improve the environment and opportunities 
for out-of'^school learning. A balance is maintained 
between support for major activities that have national 
impact and significance and support of more limited 
projects that serve to explore special needs and oppor» 
tuntties, 

* Linking and strengthening the media of informal educa^ 
tion: Projects that will strengthen the institutions of 
informal education by recogniEing their strengths and 
weaknesses, and by encouraging cooperative and com^ 
ptementary activities are emphasised. 

* Signiftcanee and urgency: Projects that have a signifi' 
cant effect on the overall pattern and quality of infor- 
mat education, as well as the strength of its institutions 
and their relation to formal learning are emphasized. 

* Contribution to the pattern of general education: Informal 
learning as an integral component of general educa^ 
tion is encouraged. Informal education should provide 
stimulus, awareness, and background ^fore school, 
support and reinforcement during formal education, 
and an opportunity to continue learning and aware- 
ness whcii formal study ends. Lifelong learning shoujd 
be a habit of all persons regardless of age or role. 



In its support of television and radio proj^ts, the Foun- 
dation is committed to the development of high quality 
programming made widely available to all children, youth, 
and adults. Under normal circumstan^, the Foundation 
require that: 

• NSF retain the right to use the programs for govern- 
ment purpose in ^rpetuity; 

« ofT-the-air recording rights by educational agenci^ or 
institutions shall be guarant^ for a minimum of three 
years; 

• all television programs must have closed captions 
encoded on the master broadcast tape and all pro^ 
grams must be broadcast with closed captions; 

• all broadoists, exhibits, and other materials must include 
a clear indication of the source[s] of support (both 
NSF and any other contributions], and should include 
the NSF logo; 

• a copy of all materials, e.g., videotapes of programs 
and copy of teacher's guide, be provided to the NSF; 
and 

• a quarterly letter-report on the activities of the projeot 
be submitted. 
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NSF INITIATIVES--A MINORITY VIEW 



NOTE I The followifif obaervationa are those of the author and wore 
than 20 indiyiduala around the eountry who are active in their 
concerns for minority preoollege nath and seience education* Phone 
interviews wera condUGted with praGtitionera at several levels of 
involvenenti those who help shape aeience edueation polioy at the 
national levels those with eKtensiye experience with preCQllege 
science and Hath prograns funded by NSF and others , super intendents of 
school systems with heavy minority enrollment^ principals of schools 
with high «inorlty enrollment who have implemented speaial math and 
science efforts in the last few years # directors of math and science 
programs in school systems with high minority enrollment, university 
and oollege deans, and former NSF/SEE staff who worked closely with 
minority programs while there. The objective of this report is to 
reflect those needs and aoncerns of minority precbllege education 
whiah could be affected by National attention and leadership by NSF 
and to suggest activities and mechanisms which could be employed by 
N5F/5EE to respond to those concerns. 



INTRODUCTION 

Tha Repert o£ the NSB Task Gammittee ©n Undergraduate 
Sciancs and Engineering Education ts the National Scienoa Board, 
points out that though the number of women and minorities 
entering the study of science and engineering has increased 
.significantly during the past ten years, even if those numbers 
continue to rise, "this increase will probably not offset the 
fall in tha total number of persons entering the student atream 
that resulta from the demographic decline in the total number of 
available 18'-19 year olds" between now and 1995- 

The decline in absolute numbers of students available will 
perhaps be accompanied by a downturn, recently identified, in the 
proportion of college freshmen who opt for majors in engineering 
and the scienoea (cited in the "Chrenicle of Higher Educations*' 
January 15, 19^6* > Of the total number of lS-19 year olds, 
ainorities will make up an increasing proportion due to 
differential birthrates, reaching 40^ by about the end of the 
century- That statistic is important because eat the precollege 
level, the rate of advanced math and science coursetaking among 
ainorities is only S0-75N Cfrom data published by NSF in "Women & 
Hinorities in Science & Engineering,'* 19S6> of the rat.e at which 




nonminorities take the same courses (Algebra II, Trig onometry , 
Calculus, Chemistry and PhysiM) and minorltiM elect acience 
moDPra In eellage 20^ leas often and engineering majors 3QH less 
©ften than non-minor Itiea <19ao data). 

The IS-year-olds of 199S sr© now in elementary sohoal , In 
just a few years they will begin to make aholoea which will 
govern the rest of their academic oareers. A few will conclude 
early, by the sixth, seventh or eighth grade, that they want tt 
pursue study and a career in science or engineering. Most will 
be undecided as they select programs and courses in junior high 
sehool and high school. All too frequently, they will be left to 
make important academic selections by themselves with information 
that is insufficient to make those choices wisely. They will 
pursue short terra rather than long term goals and they will 
naturally tend toward paths of least resistance. Before they can 
understand and feel the Impact of the oonsequences, many students 
drop Algebra for General Mathematics and opt for a commercial 
course over Biology or Chemistry. By making such choices, large 
numbers of able students abruptly and prematurely close the door 
on a wide array of potential careers in science and engineering - 

Unless there is significant change in the rate students, and 
particularly minority students, choose science and engineering 
careers, *'both the quality and number of newly-educated 
professionals in these important fields will fall well below the 
nation^ a needs - with predictable harm to its economy and 
security." <NSB Task Committee on Undergraduate Science and 
Engineering Education. 3 

That such Chang© c^ take place has been amply demonstrated 
A group of major U. S. corporations, recognising the demographic 
truths, has provided a do^en years of funding and encouragement 
for a number of broad-scale precollege minority engineering 
efforts with excellent results at locations across the country. 
These programs, all members of the National Association of 
Precollege Directors (NAPD>, reach more than 4O,00O mostly 
minority precollege students every year, though that is only a 
tiny fraction of the potential eligible minority student 
population. The NAPD experience, and the experience of a variety 
of other programs, are a clear demonstration that inexpensive 
intervention techniques can improve the flow of minority students 
into technical careers dramatically* 



THE PROGRAMS 
OF THE NAPD 



The nineteen programs which make up the membership of NAPD 
are mature efforts which have been in operation for years- They 
assist hundreds of high schools, junior high schools and middle 
schools locmted around the country and function across a wide 
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range of sehool demographies and community envif onments . Each 
program operates uaing a variety o£ atrategiea, but all have the 
same basic mission « 

^^To increase student academic achievement in all subject 
areas, especially mathematics^ science and language 
arts • 

-^To heighten student awareness of careers in 
engineering, science and technology . 

Though independently organised and operated in response to 
loaal needsp the NAPD programs have many elements in common, 

==Each is a collaboration among the school system, local 
business and the university which brings expertise and 
resources to the school to supplement what is already 
available. Through this collaboration, they help 
students and teachers see how the study of mathematics 
and science is related to the practices of engineering 
and technology- 

--With all programs, interaction with students begins 
early (usually at eighth or ninth grade, but often 
before) and continues throughout the student's 
secondary schooling « Once a student becomes involved, 
contact usually continues up to college entrance- 

-"-All are sustained, open = ended efforts, not special 
projects which exist for only a limited grant period. 
Teachers and students can count on these programs 
continuing and know that anticipated future support 
will, indeed, be theirs. 

--Program costs are low- The programs make maxlmim use 
of volunteers and work within the existing school 
administrative structure rather than adding more 
organisational layers , Virtually all of the work done 
with the students is done willingly by their teachers 
on their own time because they can see that their 
inputs are making a significant difference- The result 
is a set of extensive programs which have yearly per-^ 
student costs which are well within the easy reach of 
most school systems. 

The programs work closely with the students to ensure their 
enrollment and achievement in the subject areas prerequisite to 
college study of engineering and other math-based fields- They 
supplement the mathematics and science curricula with technical 
applications, they provide guidance and tutorial aervices, they 
Introduce the students to the university and industry through 
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alass vlaita and viaita t© the clsss, they provide many role 
nodela^ and they keep the detailed raGorda whiGh allow Gontlnual 
monitoring of student aaademie performance. 

The prograina have been operating aucaeasfully in all kinds 
of aahoola from those which are atrongly academic to those which 
are in "bad" neighborhoods and from which college attendance waa 
minimal for years before the NAPD program began and which is now 
auch improved « At moat of the achoola^ expanded atudent interest 
and achievement haa resulted in larger mathematics and science 
claaaea and more upper^level courses being offered* SAT 
performance has improved and high schoola report higher rates of ' 
college acceptance among their graduates with much larger 
proportions headed toward engineering and other math^based 
courses of study. 

Over the yeara and across the nineteen programs, about 
25,000 NAPD participants have graduated from high school. More 
than 80^ have gone on to a four-year college and of that group, 
nearly half have studied engineering with an additional 25^ 
opting for other math=based fields. 

Though the efforts of the NAPD programs have been directed 
towards engineering and most of the students who benefit are 
underrepresented minorities^ there is nothing inherent in the 
model which limits it to either minorities or engineering* On 
the contrary, the objective of NAPD programs has always been to 
make sure that each student builds a strong academic foundation 
as well as a sense of confidence and determination which can be 
utilised to pursue college study aucceaaf ully , What NAPD is 
doing for students, and the way it ia being accompliahed, la 
conaiatent with V le national need to draw more students into the 
science and technology fields and also with the National Science 
Board recommendations for meeting that need- 



THE NSF ROLE AS AN 
AGENT FOR CHANGE 

The Science and Engineering Education (SEE) Directorate of 
the National Science Foundation has been concerned with minority 
equity questions for some years and has provided several programs 
aimed specifically at minority participants. The Resource 
Centers for Science and Engineering <RGSE) and the Minority 
Institutions Science Improvement Program CMISIP) were models of 
their type and brought about significant change during the few 
years of their activity, CRCSE made one major grant each year 
from 197S to 1981- MISIP began in 1974 and was transferred to the 
Department of Education in 1980, > However, SEE emphasis on 
minority concerns has been mitigated by brief program durations 
and modest program budgets » compared with other SEE programs. 
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other than through aet-^aside funding, pQrtiGipati©n of 
ninQFltiea In SEE programs haa been modest* With m few resent 
eKceptionSp notably threugh the Taaehar Enhancement and the 
Edu-satlon Hetworka programa^ grants have been made only rarely to 
minority inatltutlona or in altuationa where the chief 
benaf iaiariea are minority atudents or teachers « Moreover, baaed 
on partial information. It appears that only a aprinkling of 
minorities participate in SEE grants involving non=minority 
Institutiona and projeot direetorsp The nat result of both sat^ 
aaida and non set-aaide funding over the last several years has 
been that minority studenta, teacher a and inatltutiona have had 
relatively little benefit. Thla la not an indictment of SEE's 
interest or good faithi rather, it deaeribea a situation in which 
one another ^s purpoaea and ooncarna are incompletely underatood. 

The need to bring much larger proportions of minority 
scholars to tachnioal purauits is apparent, NSF/SEE can provide 
important national leadership for that effort, but before that 
can happen minority studenta and the institutions they attend 
must have true aoceas to the full benefits of SEE programming. 

SOME CQNTEKT FOR THE CONSIDERATION OF 
MINORITY PRECOLLEGE EDUCATION ISSUES 

Throughout minority communities, economios is a pervasive 
modifying faotor. Where inoome levala are low, elementary and 
secondary schoola have meagre reaouroes and tend to produce 
graduataa with flawed akills. Famlliea have lass education and 
are able to provide less, aducationally , for their children. The 
students' world view is narrow and the lack of stimulation 
reaulta in modest carear eKpectationa , The traditional minority 
post-^secondary inatitutions also have resources atrained by the 
lack of large endowments and the relatively poorer skills of the 
students arriving from secondary school which require a great 
deal of faculty attention to oorrect. 

At the f ajni 1 y level, single parenta are common and earning 
enough income is a constant preaaure. Thus, though parents are 
interested, they are leaa likely than more comfortable families 
to be involved with the school or with school-aponaored programs. 
Students often must work afternoons or on weekends to supplement 
the family income or to be at home to watch younger siblings^ ao 
after-school involvement with science cluba or special projects 
can be difficult to arrange. Many times, minority students 
aannot afford the extra busfare or the lunch in order to 
participate in apecial after^school activities, <One reapondent 
in this inquiry is a prinaipal in Mobile, Alabama whose achool ia 
7011 minority and where 1100 of the 1300 students are on the 
Federal free lunch program. This ia not unusual.) 
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the aeeondarv sahoQl level, most min©rity students loaH 
the reaQurcea in their home envlronmant which allow them t© make 
life-long education choleea baaed on the esunoil o£ family and 
friends. Though education im a goal in moat families^ few of 
today's mtudenta are the children of college educated parenta and 
there are very few engineers or aeientiata available in the 
eommunity aa role modelap While c large proportion of oollege- 
bound non-minority atudenta come to a deolaion about oareer 
ehoice at about the time they enter high aohool <and thua can 
plan their program with particular objectives in mind)^ minority 
studenta more often decide at a later pointy and frequently not 
until after they have paaaed by algebra or a science critical to 
purauit of a acience or engineering career. 

This ia not just a matter of better guidance. Studies of 
how atudenta choose careers ahow that by far the moat influential 
factora are family and teachers, not the career or guidance 
counsellor. The leaa affluent communities cannot easily attract 
the ma\Lh and acience teachers who are in auch ahort supply, ao 
high schools tend to have many uncertified teachers assigned to 
secondary math and science couraes* Of course, this is a concern 
for both minorities and non-minorities, but the minority 
student's support network ia more fragile and supplies little 
outside encouragement, so a non-minority atudent ia far more 
likely to emerge with science intereata intact from a year of 
uninspired teaching. For reasons such aa these, there are many 
general iaaues of national concern to precollege educators are of 
special concern to minority educators * 

At the minority colleges , they muat deal with students who, 
though smart, are not well prepared for college level work. Much 
time is spent on remediation and, in general, the faculty is much 
more heavily oriented toward teaching than toward research* 
Teaching loads of IS to 21 contact hours a week are common, so 
there is little time for individual reaearch or the pursuit of an 
extra outside project. Proposal writing for the purpose of 
acquiring research funds for science departments is not a 
prominant part of the reward system, so few faculty develop the 
skills. When SEE announces a program, minority faculty feel 
themselves at a competitive diaadvantage , They expect that most 
program awards will go to the "in-group" of formerly successful 
proposers at large Institutions which will result very tough 
competition for the few remaining dollars. 



The above few paragraphs are not meant to aummarl^e a 
complex social situation, but to alert decision makers to some of 
the more prominant factora in the context of precollege minority 
science and mathematics education » The following issuea and 
suggestions are derived from a aeries of interviews with people 
who have a past, current or potential association with SEE, and 
who are deeply involved with the precollege education of minority 
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3aient.lst.a and engineers. Effeotlve response t.o several o£ the 
issues will raquire SEE to adopt a aemewhat mere preaetive stance 
than has been traditional in tha past. It will need to initiate 
data gathering and inf armation disseminatien and it wil 1 need ts 
work more closaly with representi tives o£ the minority 
aonstituancies so that effeatiye prablem-solving can proceed. 



^^Minorlty eoneerns ara fait most compellingly by 

minorities and aan be artioulated most elearly by them* 
Though many n©n-minority staff have worked hard for 
minority aonoerns, and empathize with the problems* 
thay are very unlikely t© davalop the same network of 
praetitionars and advisors a that a minority staff 
mambar would bring to tha job- There is currently no 
real minority presence on the SEE staff, nor is there 
any longer a minority adviBory board, Without a senior 
level minority staff member or two whose opinion 
counts^ there tends to be a mechanistic response to 
minority problems in terms of dollars spent or people 
Involved rather than a real concern with movement 
towerd solving problems , 



RECOMMENDATION Minority concerns are often 
different from non^minority ooncerns and SEE 
policies and practices should show aansitivity to 
that fact. In addition to an emphaaia on hiring 
senior level minority staff, SEE should constitute 
a minority policy board whioh oan be freely 
consulted about minority issues and which can 
alert SEE management to problems and conoerns 
relating to speoif ic programs or important grant 
deoiaionSk In contrast to the former Hinority 
Advisory Committee , this board should be a working 
organisation oonnected to the day=to=day 
oparationa of the Directorate . The modal is that 
of ombudsman, but a single individual would not 
be likely to have the breadth of information and 
contacts needed among all four of the under ^ 
represented minority groups* 



"-Many minority praatitionara feel that SEE has not 
internalized the need to work with minorities and 
therefore deal superficially with minority iaaues. The 
vary poaitive atatement, now regularly found in SEE 
program announcements # that '^Projects involving women, 
ainoritiea, and/or physically^handicapped persons as 
part of the staff or aa target audience are especially 
encouraged, • •** ia aeen as merely rhetor ie which is 
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never follewad up by SEE to see if eemathing productive 
ia really taking plaee. If SEE wanted to e©nvey a 
congern about minority involvement^ it aould require 
feedback from each Program Director. 

RECOMHENDATION SEE-^-^or NSF more br©adly--ahould 
contract for, or otherwise producQp a Guide to the 
recruiting ©f minority participants which would be 
sent to propoaera along with program aolieitationa 
or would be otherwiae diatributed. The Guide 
would offer eonorete advise and alert the reader 
to any impact the actiona may have on a projeet^a 
budget. For example, most mlnoritiea respond more 
readily to personal aolicitatlon <f aee-to-f aoe) 
than to imperaonal (mailed) aoliaitation and that 
may require travel funds not otherwise conaidered. 

-SEE should be more clear about their goals and 
objectives with respect to minorities and should be 
proactive in its support of those goals. There are a 
number of ways in which a seriea of '^SEE Studies" could 
be beneficial to the minority precollege effort and to 
the better underatanding of the proceaa of science and 
math education, generally. Currently^ there is no 
national focus on the need to understand the problems 
of minority students, nor any national initiative or 
leader. Practitioners have to deal with symptoms 
without really knowing what the problema are. 
Available minority data collection at the precollege 
level often does not diatinguiah between Blacks and 
Hispanics and only rarely between Puerto Rican and 
Ohlcano, Not all the education problems of the under- 
represented minority groups are the same, nor for any 
one group are they the same in the rural areas and In 
the urban areas. It ia difficult to addresa a problem 
unless Ita dlmenalona are known. This ia not a 
suggestion that NSF try to solve these problema, but 
they could provide the national leaderahlp needed in 
the attempt to DEFINE them. 

HEGQMMENDATIQW Good information about precollege 
science and mathematlca course-taking does not 
eselst for either mlnoritiea or non-minoritiea and 
therefore it is very difficult for practitionera 
to focus on problems and dlacontinuitiea. NSF 
should initiate a regular data collection effort 
which takes advantage of the reaourcea of the 
National Center for Educational Statistics, the 
varloua national ethnic organisiatlons, and other© 
to piece tof ether the clearest picture possible. 



RECOMMENDATION NSF ahould previde nationQi 
leadership for minority math and seienae efforts 
by providing alearinghauae aetivitiea through 
eompatitive bid on the same model as the ERIC 
eentera. One olearinghouiia could provide detailed 
descriptiona of exemplary preoollege models. 
Though obviously appllcabla to all, a large 
proportion of the enamplary modela listed in 
E d u oa t inm A m^r_i can a for t h e S lat Century , were 
developed for minoritiea* A seoond elearinghouae 
oould eatabliah a national ragiater of 
oorporationa willing to interaet with aohool 
ayatema with organisational advice* peraonnel time 
for viaitap donationa of ©baolete equipment, or 
amah. In a poll of buaineasea publiahed in A^ 
Hation At Riak . more than half raaponded that they 
would be interested in becoming more direotly 
involved with looal education, Tha minority 
precollage programa of NAPD have involvad industry 
for a decade and have ample eKpertiae about how to 
do it « 



-Over the yaara, NSF has paid scant attention to 
rfiaaaminating the raaulta of tha inquiriaa it has 
funded, NSF haa provided millions of dollars over tha 
^^ars to fund pilot efforta and projects of potential 
matllity to the nation, but littla of that knowledge haa 
mver found ita way into the hands of the na^t cohort of 
^I'acti tioners . Both the Information Dissemination for 
S^ienca Education program (1977 = 81) and tha current 
^S^ience and Hathematics Education Natworka program have 
supportad < in quite dif f arent way a) inf ormation = 
sharing^ but thay are reactiva rather than proautiva 
efforta which atimulate Information flow within an area 

locality^ but not betwaen NSF and ita conatltuanta . 
Especially at the precollage level * there ia an urgency 
^hat tha outcomea of oparational projecta reach othera 
quickly and in a way which gata the information 
rfirectly to the practitioner, Tha claaaroom teachar at 
fcha local laval naada to have acceaa to information 
alDout good programa and a way to laarn about succeaaful 
medals p LEAVING DISSEMINATION UP TO THE PROJECT OR TO 
THE ACADEMIC NETWORK IS NOT EFFECTIVE. 

RECOMMENDATION NSF/SEE naeda to conaider an array 
of methoda to capitalize on ita reaaarch and 
devalopmant inveatmanta. Only if thoaa 
inveatmenta lead to broader, mora aucceaaful 
activitiaa can they raally be called "leveraged." 
Probably beat done through direct contract^ SEE 
needs to devote a portion of ita budget to 
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reporting results and aummarlzing techniquaa. 
funding of duplicative afforta in new eontexta and 
producing ••how to" booka and materlala. 

Obviously, diaaBmlnotlon la not 3u»t a minority laaua 

but it ia an important minority conearn, parhapa 

because they feel an urgancy to move forward aa oulcklv 
aa poasible. h ■^•-•^j-r 



BOUNDARY ISSUES BETWEEN NSF/SEE 
AND ITS MINORITY CONSTITUENCY 

There are a number of laauea which are related to NSF 
policies and structure which Intarfare with the relationship 
between itself and potential and actual grantees. They are 
recorded herB as a way of making NSF aware of them, but there 
JesSJ^f '«=°«"««dationa becauae few of these lisues «n be 
resolved by ohanging regulations or initiating new programs. 

—The removal of the Minority Inatltutiona Science 
Improvement Program <M1SIP) to the Department of 
Education, coupled with what is seen aa on-again. off- 
again funding of other minority programs, has created 
an aura, clearly perceptable to many minority 
researchers, that NSF commitment to minority needs is 
vague and uncertain. For many, NSF Is not seen as a 
reliable resource, 

--The mechanism of dealing with precollege programs 

through a university, though encouraging collaboration 
causes problems in two ways: ' 

Many minority schools do not have easy or positive 
eontact with the local college or university 
because of distance or differences in Interest 
Therefore, requiring the post-secondary link 
forecloses program opportunitlea for many schools. 

Minority programs which have been aueceasful at 
gaining NSF support under the umbralla of a 
college or university sometimes find that the 
grantee (the univeraityJ taxes the grant in ways 
unforsoen by the Proaeet Director with the result 
that the project effort has to be curtailed in 
Important and occasionally crippling ways. 

ti««llnoss of grants continues to be an issue with 
SEE, as it has for many years. Direetora of large 
projects and small complain that the extreme length of 
mi«a it takes a propoaal to move through the 
conaiaeratlon and funding procoaa— recently, up to nine 
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months-'-mQkee it very difficult t© plan afor new 
staffing, for intereonneatien with other Inatitutlons, 
for joint funding of a project effort, for Mordinating 
aeparately funded efforta, and for keeping staff 
intereatad and available* Minority institutions are 
particularly affeeted because they have few funds ta 
put toward keeping staff together or spending money up 
front to get a projeot going to meet external time 
constraints such as those imposed by the academic 
school year. 

-Minority proposers have a frustration with SEE's 
apparent inability to oonsider proposals with an 
understanding of the eonte^t in which they are written. 
Proposals must have merit, but merit is not 
unidimensional , A minority project may not be at the 
"cutting edge" educationally, but that Is mostly a 
function of the target population, the resources 

. available to it , and the procedures necessary to deal 
with it rather than a lack of sophistication on the 
part of the proposer. For example, a project dealing 
with rural Indian schools has to deal with the fact 
that teaching is done very traditionally-^scienc^ is 
"hard stuff in a boQk"--and the introduction of new 
tent material or teacher skill enhancement must be done 
gently. A reviewer unsophisticated in minority issues 
might well dismiss such a project as '*old stuff," but 
someone who is sensitive may see an opportunity to make 
a positive impact on a segment of the population which 
is educationally very needy. This is a very subtle and 
complete issue which is directly related to the need for 
adequate minority representation on SEE^^s staff - 

-Rightly or wrongly, minority program directors and 
other practitioners see NSF as the "funder of last 
resort" for science education. For example, teachers 
and students of science at the fringes of standard 
education are defeated by the lack of texts which are 
relevant to the isolated farm community, the 
reservation Indian^ s practical understanding of nature 
and the environment, or the Alaskan native'^ s world 
without much technology. They would like to have the 
chance to deal with a science which fits with the 
things they know, but text book publishers find them a 
"thin'* market. 



GGEST ION An NSF initiative to provide funds for 
special projects in precollege science could help 
with the development, inexpensive production, 
distribution and training in the use of unique 
materials in cases like those above. A special 
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Projects in Saienee EduaQtion (SFI5E> program did 
mnimt at NSF for a few years in the late 50^ a and 
aould perhaps ba used mm a m©del . 



MINORITY PREGOLLEGE 
MATH AND SCIENCE ISSUES 



-E^cpeGtationa of rejection are hard t© overaome when 
there are generationa o£ experience t© refer to* so 
minority atudenta volunteer for very little which is 
controlled and supervised by non-minQritiea , When 
programs are announced at the leeal level, minority 
students don^t think that they are included. Such 
programs are also ferbidding when there are no minority 
staff members wh© can act as bridges t© the content. 
An old (1977> analysis of min©rity participation in the 
precQllege Student Science Training <S5T) prcgram based 
on a ZOH sample ©f the 133 non-minQrltv projects 
operating that year* fcund that less than 25N ©f the 
pr©jects had more than 2 mincrity participants and less 
than 20H had any miner ity staff, Min©rity 
representation was slightly worse for the college level 
Undergraduate Research Participaticn CURP) grants which 
were als© studied. That was nearly ten years ago, but 
by all recent acccunts, ncthing has changed 
significantly* 

hECOMMENDATIQM NSF needs to put teeth into its 
stated desire to have mincrities included in all 
grant pr©jecta. The "Guide" f©r recruiting 
minority participants, suggested elsewhere in this 
paper, is ©ne step which should be taken, but 
other measures are als© needed t© make minority 
participaticn s©methlng which '•countsV toward the 
quality ©f the pr©ject and obtaining the next 
grant . 



-Math and science teacher preparation at both the 
elementary and secendary levels needs t© be improved 
thr©ugh inservice training. Poor preparation of 
teachers hits minerlty students especially hard because 
they h!*ve few ©ther Influences in their lives helping 
them tcward those goals. Among ©ther things, teachers 
need to be able to help students, particularly min©rity 
students wh© suffer fr©m a lack of an experiential base 
and r©le models, think about the decisions necessary 
to planning their education. 

BEGOMMEND ATION NSF/SEE sh©uld ccntinue its 
teacher training eff©rts^ but it needs to make 



12- 



227 



sure that the training im aarried into the 
elaaaraem and that thare im Impact feedbaek to 
NSF, SEE also should eonaider aaaistanee to 
elementary and middle aehool teaaher retraining 
programa, on a aQheol aystem by sehool ayatem 
baaia^ with feedbaok on ways and meana to NSF and 
prempt dlaaemlnation ©f that Information- Soma 
syatema are doing thla on their own, othera need 
help, NSF ean spearhead some efforta and provide 
Inportant guidance to many more* The Mobile^ 
Alabama City School Syatem la in the prooeaa of 
refurbishing all of ita aolence programa and 
retraining many o£ Ita teachera. Perhaps ita 
experience ean be a model for others. 



-Economica la a ma^or factor in whether minority 
atudenta opt for aoienoe and teohnlaal Qareera* Kany 
minority atudenta who get Into eollege^ oan't stay 
beoayae of flnanoea* Othera, very oapable but 
believing that finaneea are not going to be available 
for eollege, opt out of the eollega traok early In 
order to ooncentrata on building skilla Cusually ahop 
akilla> whleh they oan uae immediately upon graduation 
from high achool» 

RECOMMENDATION There ia olearly a need to 
identify bright* but poor, atudenta early and make 
aura that they will have the money to get to 
oollege- Several of our oompatitor Gountriea and 
our own military aerviee promiaa free or low-coat 
oollege training to capable studenta identified 
early aa long aa they continue to qualify through 
their performance* NSF ahould eatabllsh and 
adminiatar a acholarahlp program modeled on Ita 
Graduate Fellowahip Program which would make 
aeholarahlp granta to precollega atudenta at about 
the tenth grade level* It would not have to fund 
theae acholarahipa Itaelf* but could take the lead 
to bring other contributora (including the college 
which enrolla the "NSF SGholar"5 together In the 
way a financial aid package ia conatructed for 
college atudenta by ETS. Awarda would be 
conditional on auperlor performance during high 
school and college aceeptance for study In a math- 
baaed field. 



For reaaona already diacuaaed^ minority project 
directors tend not to view NSF/SEE aa a ready aourea of 
funding^ They mmm SEE Initlativaa aa requiring very 
sophiaticated propoaala and feel that their network ia 
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Immm w©li-eonneeted with the "cutting edge" of 
©duGatlan raaeareh. Thua, during the first year or two 
q£ a new program* granta are rarely minor ity conneGted . 
Ultiiiately, after momm auaseaaful models have bean 
described and good eKamplaa hava been identified, 
ainarity proposala will be submitted. 

SUGGESTION Project Direotors^ meetings are an 
excellent way for the less experlenoed to rub 
shoulders with the more eKperieneed psopl© and to 
develop a broader rasouree network, A special SEE 
effort to bring minority Project Directors and 
potential Proiect Directors to theae meetings will 
strengthen their ability to compete and should 
lead to a greater volume of proposals, 

RECOMMENDATTnM The **Prop©sal Development 
Workshops'* which were conduoted for about a year 
under the MISIP program should be re-instituted* 
Reports from the field suggest that the workshops 
were welcome and useful and that several 
sucGessfully-f unded proposals were written as a 
result. 



'Because of heavy teaohing loads and a reluctance to 
devote time and energy to an effort which is seen as 
having a low probability of success, minority 
researchers often do not write proposals even when they 
have good ^ workable ideas, SEE has recently made it a 
requirement in some programs that a pre-proposal be 
submitted and reviewed before time is spent oh 
elaboration. That requirement could be the first step 
toward the generation of many new proposals from 
minority sources , 



REGOMHENDATTnM NSF should make technical 
assistance available to the authors of pre- 
proposal ideas where that is needed in ordert to 
produe a fully articulated proposal for NSF^s 
consideration. The mechanism for technical 
assistance would be through a list of consultants 
who qualify for the work through enperience, 
knowledge and success at proposal writing and 
project management. Where propoMl development Is 
fairly well advanced* the consultant might work 
via phone or mall at low cost* but where the 
proposal idea seems to be fruitful but in rough 
form* it might be necessary for the consultant to 
make a brief ^ite visit of one or two days for 
working meetings. The National lnst,ltutes for 
Mental Health has had such a program in operation. 
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They arranged a ppol of aonaultants with a variety 
of eKpertiae and assigned them to proposals which 
fall into areas of targeted priority. The 
Qonsultanta ware available to both minority and 
non-minority proposara^ but spaoial efforts were 
made to advertise their availability through 
minority nawsletters and professional 
organisations. NIHH reported that they saw an 
improvement in the quality of funded programs as a 
result of this iniativep 



If significant ehange in the number of students preparing 
for math^based eareers is to take plaoe on a country-wide basis^ 
NSF/SEE ia probably the only Institution which can lead the 
effort to bring it about. It la the only national organiiiation 
with responaibilities for science and engineering education 
across disciplines and across levels from precollege through 
graduate training. Huoh of great importance haa been 
accomplished over the years by NSF^s grant programs and its 
impact will certainly continue to be felt in the future* but 
grant programs are only one way to bring about change. With a 
relatively modest investment of dollars and personnel^ but a 
necesaarily long-term commitment to change* HSF can provide a 
national focua on the iaauea by convening leaderahip conferences* 
underwriting action committees* commissioning data collection* 
and aerving as the alearinghouae for information and guidance 
about new and successful local programs* whether aupported by NSF 
or other sources. 
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iNTERVIEWEES 



In order to write this paper, the issues of National SaienG© 
Foundation involvement with minority preeollege meth and aolenoe 
aducation f^era diacuaaad with a number of paopXe, all of whom 
have long e^perianoe mm practitioners in the area* Some hava workad 
with the Soienee and Engineering Education Directorate of NSF, 
some work with school aystema whieh have heavy minority 
enrollment^ and eome are involved with special programs designed to 
encourage minority atudanta to oonaider oareera in aoiance and 
engineering. A few individuals who are nationally raoogni^ed 
apokaaparsona ware unavailabla during the relatively brief period 
of thia inquiry, but the varied baokgrounda of the people who did 
respond makes it unlikely that the observations and 
reoommandationa would have been muoh different* 



Don Coleato Ahshapanek Biology Department* Haskell Indian 

Junior Gollegei formerly member of the 
SEE Advisory Committaa for Minority 
Programs in Soienoe Eduoation and the 
NSF Committaa on Equal Qpportunitiea in 
Seiene and Teohnology 

Gary Allan E^eoutive Direotor, Native Amerioan 

Soienoe Education Aaaooiation, 
Washington, D.C* 

Colleen Almojuela Mathematios and Soience Speoialiat, 

United Tribea of Washington, Seattle 

George Bland Dean of Engineering^ North Carolina 

State Univeraity 

Carolyn Gheanutt E^eoutive Direotorp Southeastern 

Consortium for Minorities in Engineering 

William Craft AasoGlata Dean of Engineering, North 

Carolina A & T University 

Glynda Cryer Program Director, Memphis City School 

Syatem 

Marjorle Gardiner Director^ Lawrenoe Hall of Sclenae, 

Univeraity of California, Berkaleyi 
formerly, SEE Program Director 

Lawrence Hatfield SEE ataffmember. Teacher Preparation 

Program 
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Willy Herenton 
Shaik Jeelani 

Gil Lope^ 

Patriaia MacGowsn 

Shirley Mslcpm 

Shirley WeBay 

Joys© Pinkaton 
Grady Polk 

Annet.iLe Sanders 
Richard Santee 

Ollye Shirley 

Elisabeth Stage 
Helvin Webb 



Super intendant* Memphis City School 
System 

Engineering Department* Tuskegee 
University and Engineering Faculty 
CQneultant t© several schcQl syatema in 
southern Alabama* 

Director* Comprehensive Math and Science 
Program (CMSP) , Celumbia University* New 
York 

Directer * Mathematics # Engi neer ing and 
Science Achievement <MESA) Program, 
University of Washington , Seattle 

Director # Of f ice of Opportunities in 
Science, A A AS ; formerly, SEE staff member 

Dean of Student Affairs, HIT* formerly, 
SEE Program Director 

Science Supervisorj Memphis City Schools 

Principal, Chattanooga City School 
System 

Principal, Mobile City School System 

Acting Director, Mathematics, 
Engineering and Scierice Achievement 
<MESA> Program , University of 
California , Berkele/ 

Member, Jackson, Mississippi SchoQl 
Board and Director of the Childrens*^ 
Television Workshop program to establish 
3-2=1 Contact Clubs in elementary 
schools 

Director of Mathematics and Computer 
Education, Lawrence Hall of Science, 
University of California , Berkeley 

Dean, Clark Gollagei formerly Assistant 
Director of the first Resource Center 
for Science and Engineering , the Atlanta 
University Center * 
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ABSTRACT 

This paper provides baekground information and disGussea 
currant issues in mathematics eduoation. The objeotive of this 
analysis and diseussion is to provide a context for developing 
future policies for the National Science Foundation's Directorate 
for Science and Engineering Education (SEE). Recent trends and 
directions in the emerging discipline of mathematics education 
are eKplored. A primary focus is the changing role of 
mathematicians in mathematics educationf as the emphasis in SEE 
programs has shifted from curriculum to teacher preparation and 
research. The implications of recent renewed attention to 
curriculum and teacher preparation are examined, especially as 
they relate to' the prdfessional interests of mathematicians. The 
paper concludes with recommendations for policies and initiatives 
for SEE programs in materials development f research, and teacher 
preparation. 
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J^THEMATICS EDUCATION 
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I, Historical Context 

Beginning in the ISSOSr the National Science Foundation^ 
through projects funded by its education offices (now kno^n as 
the Directorate for Science and Engineering Education), has had a 
significant impact on precollege mathematics education « While 
the success or effectiveness of some programs may be difficult to 
assess, they produced important and self-evident effects on 
practice. In retrospect, some of the programs have defined or 
changed the way we think about mathematics education « 

KSf programs in mathematics and science education have 
generally been divided Into three broad categorlesi Materials, 
Teaching, and Research. At various times over the past 30 years, 
the emphasis has shifted among these three areas. In many cases, 
it is difficult to say whether NSF funding generated increased 
Interest or emphasis in one or the other of the categories by 
math and science educators or whether Interest produced pressure 
for funding* There is always a complex Interplay between the 
availability of federal funding and the intensity of perceived 
need for research or development work in education. 
Ristorlcally , major crises in education seem to have been the 
primary source of pressure for Increased funds for mathematics 
and science education which, in turn, have generated activity in 
one or more of the three major categories. 

While this paper will not trace the history of NSF funding 
in mathematics education, some historical context will be helpful 
in exploring the roles of mathematicians and scientists in 
educational programs. In the remainder of this section of the 
paper, some major efforts by NSF in each of the three categories 
will be explored. The intent is to discuss the roles in and the 
influences on these programs by mathematicians and scientists, 
rather than to assess the effectiveness or impact of the prograuns 
themselves. By its nature, such a discussion can only be 
descriptive and cannot avoid subjective opinion. 

Materials Development Projects 

The curriculum projects of the 1950s and ISfiOs were by far 
the most ambitious and far-reaching effort in the history of NSF 
precollege mathematics and science education programs* Some 
attention to an improved mathematics curriculum had already begun 
in the early 1950s but the launching of Sputnik in 1957 provided 
the impetus for a phenomenal amount of federal funding for more 
than 20 precollege mathematics curriculum projects from the late 
1950s to the early 1960s. 

Many of the curriculum projects involved writing teams of 
mathematicians, teachers, psychologists, and educators who 



produced the text materials. Some writers have noted the 
uniqueness of this team approach^ which had not been typical of 
teKtbook or material development previously. On the other hand^ 
it is clear that the conceptualization and leadership of the 
major projects was provided by mathematicians and scientists. 
Among the large and influential projects were Begle's School 
Mathematics Study Group (SMSG) at Stanford, Beberman's University 
of Illinois Committee on School Mathematics (OICSM) at the 
University of Illinois^ and Davis' Madison Project at Syracuse. 
Like these three, most of the projects were located at centers 
within major universities, producing both an implicit and 
explicit Impression of the locus of influence on the directions 
and emphases to be taken. 

What were the primary roles of mathematicians in these 
projects and how successful were they in them? The purpose of. 
the projects, especially in the early years of development, was 
to prepare students for university work in mathematics and the 
sciences. Clearly, the mathematicians at the university were 
seen as the most qualified people to make judgements about the 
content that should be required for success in college. Advances 
in mathematics, science and technology after World War II 
produced an incredible gap between the mathematics and science 
studied in high school and the prerequisites for university work, 
especially at the graduate level. 

The leaders of the curriculum projects proposed that by 
focusing on modern mathematical structure, concepts, and language 
the gap would not only be narrowed but students could learn more 
mathematics more easily. They were convincing in their arguments 
that the old skill^based, topically-organized curriculum made 
little sense to students, was inefficient, and produced no 
satisfaction in experiencing the beauty of mathematics or 
motivation to explore and discover new concepts. In these 
arguments for modern mathematics, the mathematicians provided 
both a vision for the nature of precollege mathematics and a 
strategy for for attaining that vision# The school mathematics 
that they proposed would be not only better but easier to learn 
than the current material. 

In the execution and production of materials that reflected 
the spirit and substance of their vision, the mathematicians were 
extremely successful » We may never again see such a prodigious 
effort as some of the summer writing teams which produced the 
first experimental versions of the textbooks. Not only was the 
mathematical^ content new and innovative, but many of the 
examples, activities and exercises were creative. Interesting, 
and motivating* These activities probably reflect the best of 
what is possible in a cooperative effort between mathematicians 
and educators. 

Mathematics and mathematicians also had influences on the 
psychologists of the era. Jerome Bruner's structuralist approach 
in which discovery was an important component developed a 
symbiotic relationship with some of the projects. Bruner's 
hypothesis that "any subject can be taught effectively in some 
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Intelleatually honest form to any child at any stage of 
davalopmtnt" was pushed to the limit by some of the elementary 
and junior high eurrieulum proj€ets» Anaodotes have been passed 
along that some mathematicians on summer writing teams tried out 
aontent on their own children (with a fair amount of coaehing), 
affirming Bruner^s hypothesis^ and thus ineluding some highly 
abstraet and difficult topics in the experimental texts* 

Later commercial versions of the texts tended to follow the 
behavior ist approach of Robert Gagne, thus losing much of the 
discovery and creative flavor of the original axperimental 
versions, in a real sense, it can be argued that the materials 
that the mathematicians envisioned and helped to produce were 
considerably different from the varsions that later became 
commercially successful. One important reason for this was that 
teachers and publishers ware more comfortable with the 
behaviorist approach of breaking content into bite*'Sisa chunks. 
The bahaviorist influence on education, coinciding with the 
commarcial Implementation efforts of the modern math materials, 
probably was a major factor in the distortion of what the 
projacts originally intended. The second significant limiting 
factor was the attempt to extend the approach to students in the 
lower guartiles of ability, for whom an emphasis on structure and 
discovery was a lass appropriate approach. Too much was asked of 
the materials for too many different students* 

The notion that college entrance should be the goal for 
studying mathematics and science at the precollega level was an 
innovation of these projects. In fact, the term "precollega" 
seams to have entered our vocabularies at about that tima. 
Previously, elementary and high school work was primarily a 
terminal program aimed, at students who would enter the workforce. 
These projects, and the subsequent pressures to make them 
applicable to youngsters with a wider range of ages and 
abilities, have changed our thinking about the purpose of 
precollega mathematics. He now expect both conceptual 
understanding and skill development. The swings in emphasis and 
success between these two goals have precipitated many of the 
**crises" that continue to plague us. 

Teacher Education ProjectB 

On the heels of the curriculum development projects of the 
1960s, a major NSF effort in teacher education took place. Most 
of this work was aimed at retraining classroom teachers so that 
they would be able to handle the modern mathematics being 
introduced. ^ While there were variationi, the primary focus of 
these programs was to upgrade and update the mathematics content 
knowledge of inservlce teachers. The Inservlce work was offered 
in three types of proramsi Academic Year institutes. Summer 
Institutes, and Inservice Courses in the evenings for full-time 
teachers. Of these, the Summer Institutes were the most 
ubiquitous, providing the greatest contact between mathematicians 
and teachers. 
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Table 1. PerQentagea of Mathematics Teachers Surveyed in 1977 Who 
Had Participated in One or More NSF Institutes or Courses 



K-3 teaohari 4-6 teaehers 7*9 teachers 10-12 teachers 
5-4 % 5.5 % 27.2 % 38,2 I 

SQureer Science and Engineering Education: Data and Information T 
National Science Foundation, 1982 • ^ ™ = — ^ 

While the teacher education projects may not have had a 
vision as well-defined as the curriculum projects^ their goal was 
fairly simple and straight-forward* Teachers were to study 
modern mathematics so they could be effective purveyors of that 
same content to their students. In the minds of the 
mathematicians who designed and directed the Institutes and 
courses r there was little doubt that providing teachers with more 
and better mathematics was the pathway to effective 
implementation of the new materials. 

Special mathematics courses were often designed with titles 
such as "Analysis for Teachers." In some cases, new textbooks 
were written for the courses, since the usual graduate texts and 
courses could not be used. Many mathematics departments added a 
special new degree, the Masters of Arts in Teaching, for teachers 
who completed 30 or so credits of these special courses. 

Unfortunately, the books and courses for teachers did not 
always have the spirit of discovery and activity that many of the 
experimental student texts had. Certainly the material was new 
and many teachers were excited about topics such as sets, 
axiomatic approaches to algebra, and coordinate gecmetry. On the 
other hand, the teaching approaches used by the mathematics 
professors were often the traditional lecture presentations which 
did not provide teachers with models or ideas about presenting 
these difficult topics to their own students. 

While the mathematical content of the Institute courses 
provided an underpinning for the modern curricular materials, 
little effort was made to align or relate the courses to the 
materials that the teachers might actually be using. There was 
little contact between the Institutes and the schools in which 
teachers worked. Of ten, teachers would travel to another state 
or region of the country to attend an Institute. The Institute 
directors and mathematics professors had little sense of 
accountability for the success of their programs or courses in 
helping teachers to do a better job. In some cases, there was 
such a lag ili schools' implementing the new materials that 
teachers participating in an Institute would go back to teach in 
the t^ll eager to apply what he or she had learned but found no 

jmaterials. Sometimes, teachers would try to develop their 
own new course from Institute notes but usually they simply 
returned to teaching the "old math." This phenomenon was common, 
leading the NACOMl report to conclude that modern math never 
really had a chance to succeed. 

In these teacher education projects, mathematicians 

4 



24n 



gueoeaded best in their roles as developers of new courses and 
degree programs for teaohers. These oourses and degrees provided 
teaohera with status and a reoognitlon of their Intellectual 
worth. The degree programs defined a new type of graduate 
education for teachers that emphasised mathematics knowledge and^ 
at the same time, recognised that teachers In graduate programs 
had needs for special mathematics courses « 

Research Projects 

In the late I970's^ research In mathematics and science 
education received a significant boost through the Research In 
Science Education (RISS) program at NSF. While results and 
Impacts of research are not always evident immediately^ it seems 
clear by now that several Important areas of research that were 
funded by RISE have begun to bear fruit both In Implications for 
practice and in paving the way for current applied, classroom- 
based research. While It Is not possible here to review the 
areas of Impact in any detail, the topics of problem solving, 
early number operations, rational numbers, and algebra can be 
identified as those In which Important advances In research have 
been made* In a fairly brief period of time, we have learned a 
great deal about how children learn mathematics and solve 
problems • 

The reasons for the success of the RISE program are a 
combination of circumstances, along with some reasonable 
leadership in the form of mathematics educators as rotators at 
NSF who valued and supported research* Jim Wilson, Tom Cooney, 
Dick Lesh^ and Doug McLeod provided consistent and continual 
contact with mathematics education researchers over a three- or 
four-year period* The. permanent staff at NSF managed to secure 
sufficient funding for an emphasis on research over a reasonably 
sustained period of time* 

The circumstances that prepared the way for the success of 
the RISE program were due primarily to the readiness of 
mathematics education researchers to attack the Important 
learning issues. This readiness consisted of two partsi the 
developmerit of a cadre of professionals who had been trained as 
mathematics education researchers, and some groundwork having 
been done to Identify the critical areas and research problems 
that needed to be addressed* During the late 1960s and early 
1970s # doctoral programs were developed which began to produce 
people trained in the new profession of mathematics education. 
(More discussion of this emerging specialty will be provided in 
the ne^t section*) By the mid 1970s several leaders In 
mathematics education had emerged at a few large universities. 

In 197S, NSF funded the Qeorgia Center for the Study of 
Teaching and Learning Mathematics at the University of Georgia • 
Through this very modest funding effort, a series of research 
planning workshops were held# producing an effective and 
productive network of leaders and colleagial groups eager to 
pursue research programs in some clearly identified areas* These 
groups carried out some early pilot studies using university 
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funds # than published several monographs reporting early results 
and agendas for further research. Whan the RISE prograni was 
initiated^ the mathematics eduoation regearchers were ready to 
begin a produotive program of work, having already completed much 
of the necessary pilot work. 

II. The Emergence of Mathematics Education 

The discipline of mathematics education is relatively young. 
This section will eharacterige the field and describe its brief 
history over the past 20 years • The discussion will focus on the 
gradual shift of leaders in the field from mathematicians with 
special interests in education to a new professional with 
training in mathematics ^ education, and psychology. Special 
attention will also be given to the roles of teacher education 
and research in the professional lives of mathematics educators. 

The emerging field of mathematics education as a discipline 
In its own right can be characterised in a number of ways 2 the 
types of people involved^ the professional activities of its 
members^ the content and issues addressed, the organigational and 
publishing outlets, and the interactions with other disciplines. 
While there are many obvious overlaps among these 
characterizations, they provide an Interesting and useful context 
for examining the emergence of mathematics education as well as 
the shifting emphases in directions as the field has begun to 
mature. 

The mathematics curriculum projects of the 1960s provided 
the Impetus for training and developing the first mathematics 
educators. Mathematics teachers came to these projects to work 
on writing teams, to help with implementation and teacher 
training efforts, or to work on studies to assess the impact of 
the materials. . Some of these mathematics teachers became closely 
involved with the work of the projects and stayed on at the 
universities to earn their PhDs. Other mathematics teachers who 
attended summer or academic year institutes were also motivated 
by the challenge of graduate work and decided to remain at the 
university and continue their work toward a PhD. 

Because many of the projects included psychologists on their 
teams, and since many of the Implementation and assessment 
projects involved teaching and learning issues, it was natural 
that these new mathematlci education doctoral students sought out 
courses and developed dissertations that focused on instructional 
and learning^ themes. The balance of the coursework consisted of 
graduate work in mathematics, so the PhD program in mathematics 
education produced a person well-grounded both in mathematics and 
in the psychology and research methods of instruction and 
learning. 

So a new type of professional mathematics educator came into 
being. They were Influenced significantly by their visionary 
mathematician mentors who directed the curriculum projects s e.g. 
Begle^ Beberman^ Mayor, Fehr, Goldbloom and by other 
mathematicians such as Klein, Polya, Birkhoff, Moise, Kline, and 
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Diaudonne. One the other hand^ they draw from payeholgists sueh 
as Brunar^ Gagne, Dlenafi, Rogars, and Piagat* Thalr Intarests 
began with mathamatlos oontant and currieulumi but unlike their 
predaQtBiors, they soon beoame Qoneerned with the problems of 
teaohlng and learning mathematics, Sinoa most of them had spent 
time as high school or junior high school teachars# they had a 
very practical orientation^ looking for materialSf approaches and 
theories that could be applied in the classroom. 

Most of the people who became the first mathematics 
educators have now advanced to positions as full professors* 
They have developed undergraduate and graduate degree programs at 
their universltieSf and participate in a wide range of 
professional activities involving teaching^ resaarch, and service 
to the educational community. The next section outlines the many 
roles that a "typical" mathematics educator fulfills. 

III. Roles of Mathematicians and Mathematics Educators 

The challenge of being a mathematics educator carries with 
it an automatic requirement for a "split personality." At most 
universitieSf mathematics educators are not mathematicians* They 
may be members of a mathematics department and they may teach 
mathematics courses, but their areas of interest are very 
different from their mathematician colleagues. More often, 
mathematics educators are members of an education department # 
along with science, engllsh, and social science educators. This 
arrangement often estranges them even further from their 
colleagues in mathematics, computer science, statistics and 
science departments. 

Table 2. Estimated Numbers of Mathematicians and Mathematics 
Educators in Colleges and Universities 

Active in RiD Total 
Mathematicians 8000 25,000 

Mathematics Educators 400 2000* 

*Since 1960 there have been about SOOO doctoral dissertations in 
mathematics education. This estimate is a very rough guess as to 
the number of those persons who are now at colleges or 
universities. 

Sources: Renewing U.S. Mathematics , National Academy of Science, 
1984. Membership Plrectoryi Special Interest Group for Research 
in Mathematics Education , 1986* Suydam, M. & Osborne, A. fCT 
Status of Precollege Science, Mathematics, and Social Science 
Educationi 1959*1975, Volume II Mathematics Education , Ohio State 
University^ 1977. — 

Teaching , Research, Service 

At the university, the demands to attend to teaching, 
research, and service produce different tensions for 
mathematicians and mathematics educators. The pressure to 
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"publish or parish" is very much a fact of life at many 
uhiversitiaa, for mathematicians, the situation is best 
characteriEad by a atatament made by a mathematics departmant 
chairman about tenure and promotions: *'Ko matter how good a 
teacher he might be, if a mathematician does not do good 
rasaarch, ha will not sucoaad* On tha other hand, no matter how 
poor a teacher he might be, an excellect rasaarchar cannot fail 
(to be promoted}.'* For a mathematics educator, the requirement 
to excell in teaching and tha obligation to provide inservice 
education for teachers produce demands that are sometimes counter 
to survival In the competition for tenure and promotion. The low 
status of teaching and service at many universities has produced 
some noticabla affects on the types of scholarly pursuits of 
mathematics educators. 

As a "new kid on tha block" in the world of tenure, 
promotions and allocation of resources at the university, 
mathamatics education has worked hard to earn its place as a 
legitimate field of scholarly andeavor, A few "oldtimars" In the 
1960s were able to earn promotions through work on curriculum 
projects and the subsequent publication of precollega mathematics 
textbooks and occasional articles in teacher magazines dealing 
with batter teaching approaches. However, in the 1970s with 
universities In financial trouble and faculty turnover almost 
nil, the raguirements for tenure and promotion stiffened. Hard 
data^based research and publications In refereed journals were 
demanded. Promotion committees were suspicious of publications 
about taachlng, even in respected, refereed educational journals. 
Textbooks for precollege students and "how*to" articles did not 
count at all In one's resume. Since they were not prepared or 
Interested in doing research In mathematics, most mathematics 
educators turned to the other part of their graduate training and 
emulated the research methodology and issues of educational 
psychology. 

Research in Mathematics Education 

Much of the early research in mathematics education 
consisted of "methods comparisons" studies^ At first, the 
methods consisted of different content approaches that 
investigated factors such as the sequence, context, format, or 
structure of the material. For example, is one axiomatic system 
better than another In teaching geometry? Mathematicians ware 
often Intarested co*investlgators or consultants In these kinds 
of studies, ^llext came a flurry of interest in "teaching 
comparisons'^ studies. Various teaching approaches such as 
discovery, inductive, laboratory, and individualized methods were 
compared with the traditional lecture method. Since these 
studies often dealt with the preparation of materials, texts and 
curricula for presenting mathematics, there was still some 
intarest and involvement in them by some mathematicians. 

In the mid 1970s, research attention began to be 
increasingly directed at the learner. The influence of Piaget 
was especially influential in compelling ma'^hematlcs educators to 
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Qonsider devalopmental faQtora and to guasfclon whether dontent 
and teaehing approaehas eould be suecessful without knowing how 
the ehild's mind works. This emphasis also shifted attention 
from upper grades in whioh mathematical content seamed most 
important to earlier grades where learning and Instruction were 
uppermost* As a consequence, many mathematicians seemed to be 
left out of tha picture. First of all, child psychology was not 
something they were trained in and, secondly, alementary school 
arithmetic was not very interesting as a curricular topic. While 
the Piagatlan influence has waned somewhat, mathematics educators 
continue to rely heavily on psychological theories as the basis 
for their research and scholarly efforts. This development has 
maintained if not widened the gap between the professional 
interests of mathematicians and mathamatlcs educators. 

Table 3. Number off Research Reports in Mathematics Education 

Summaries Journal Articles Dissertations Total 

1955 4 20 26 50 

1365 7 67 92 166 

1975 3 99 266 368 

1985 20 203 342 565 

Sources Suydam, M. s Osborne, A. The Status of Precollega 
Science, Mathematics, and Social Science Educations 1955^1975# 
Volume II Mathematics Education , Ohio State Universitv^ 1977. 

The emphasis of research on mathematics learning and 
cognitiva development over the past ten years has produced some 
notable results and advances in our knowledge. There is reason 
for optimism that the research approaches and theories that have 
been developed for young children's learning of addition and 
subtraction, for axample, can show the way for similar and mora 
rapid advances in our understanding of other areas of 
mathematics, extended to other age levels* These advances have 
come, however, at some cost to the other two areas i materials 
developmartt and teacher education. Part of the reason for the 
decline in work in these areas can be attributed to lack of 
funding. Curriculum development and teacher education projects 
are expensive and funding from NSF and other agencies has not 
been available until fairly recently. On the other hand, the low 
status associated with teacher education and the decreasing 
Involvement of mathematicians who might be interested in 
curriculum development have contributed to the problem. 

Teacher Preparation 

^ [ The development of mathematics education as a separate 
discipline has affected the field's relationship with 
mathematicians in other ways, in the area of teacher 
preparation, many mathematicians seem to believe that if a 
teacher knows mathematics, little else is required, if 
mathematics is presented logically with proper attention to 
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daveloplng a mastery of the prerequisite knowledge and skills, 
studanta will learn« Beyond making sura that the chalkboard la 
used eorreotly and that students do homeworki there is little 
else to be said about inatruetional or learning issues. Many 
mathematiGians are not aware of the content of teaching methods 
courses and some are curious how an entire course can be devoted 
to such matters. 

At many universities^ the mathematics department offers the 
content preparation and the school or department of education 
offers the "prof eesional" courses. The education faculty also 
has the major responsibility for designing the overall program 
for teacher certification. While a mathematics educator will 
sometimes teach mathematics courseL^, especially those for 
elementary teachers* it is rare for a mathematician to teach a 
methods course. This built-in schism between the two parts of a 
teacher preparation program often produces varying degrees of 
misunderstanding, animosity # or simple apathy between 
mathematicians and mathematics educators. 

Table 4, Bachelor's Degrees in Mathematics Specialties, 1979-80 



Area Number 

Mathematics 10 #160 

Statistics 467 

Actuarial Science 146 

Applied Mathematics 801 

Secondary Teaching 1#752 

Other 580 



Source I Fmy, J. & Fleming, W. Undergraduate Mathematical ^ 
Sciences in Universities » Four*Year Colleges, and Two-Year 
Colleges^ 1980"81 f Conference Board on Mathematical Scianceg, 
1981. 

Mathematics educators select from courses offered by the 
mathematics department in developing a mathematics education 
major for their students. However, they seldom have much direct 
influence on the content of these courses # especially those for 
secondary teaching majors. There are often too few secondary 
teaching majors for a mathematics department to offer special 
courses for them* At best; a mathematics faculty member with a 
special interest in education will teach a special section 
dasignated for teaching majors. Most often, courses are chosen 
from those offered for other mathematics or engineering majors* 
Many teaching majors see these courses as Irrelevant to their 
needS; being far too abstract in relation to the school 
curriculum. The lecture approach to Instruction used by most 
mathematicians becomes the only model for teaching mathematics 
that most education majors experience for four years. 

The mathematics courses for elementary teachers are usually 
special courses taken only by elementary education majors. These 
courses are very low in prestige and are avoided as much as 
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possible by mathematles faculty. Often, these couraea are taught 
by graduate assistants or are assigned on a rotating basis to 
faculty. Sinoa mathematios departments are not partioularly 
interested in these courses^ they are sometimes taught by 
mathematias eduaators or their graduate students* In some 
universities f the mathematios content courses for elementary 
teachers are offered by the school of education rather than by 
the mathematics department* 

In spite of the fairly large number of education courses 
required for certif icatlonr only one course deals with the 
methods of teaching mathematics* In this course # the mathematics 
education faculty must present effective teaching strategies # 
Introduce approaches to planning and managing classroom lessons # 
present theories and examples of how children learn, and review 
the precollege mathematics curriculunu Most students come to 
these courses with one idea about how to teach and learn 
mathematics, drawn from their own high school experience and 
their recent college courses* The secondary teachers often have 
completed college^preparatory programs in high school and have 
little notion of how to deal with students who have difficulty 
learning mathematics through lectures and memorization* The 
el&^mentary teachers have avoided mathematics in high school and 
their recent college coursework has probably been somewhat 
traumatic. 

In the face of these odds, methods courses are usually 
fairly successful* The students are highly motivated, happy at 
last to be dealing directly with their chosen major. They are 
eager for new ideas , recognizing that the way they have been 
taught has not always been the most effective approach. Research 
studies have shown large positive gains in attitudes toward and 
expectations of success in teaching after completing mathematics 
methods courses. Unfortunately, these gains and attitudes are 
difficult to maintain once the beginning teacher confronts the 
reality of the classroom* The necessarily brief introduction to 
new methods, the lack of continual support during early teaching 
experiences, and the absence of role models in the schools 
contribute to many beginning teachers falling back to the 
familiar lecture-memorization mode of instruction. This vicious 
cycle of gaps between mathematics, mathematics education, and the 
schools works against the best efforts of each of the three 
groups. 

Graduate and.Inservice Education 

Virtually all states require that teachers complete 
approximately 30 credits beyond the undergraduate degree to 
obtain permanent teacher certification* In addition, many state 
and local school districts require varying amounts of inservica 
training for the purpose of keeping teachers up-to-date with 
recent contents teaching methods and curriculum developments. 
These requirements present a continuing need and opportunity for 
mathematicians and mathematics educators* 

The content and structure of university-based graduate and 
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other post-baccalaureate programs for teachers often turns out^ 
in praetiee, to be a patchwork of courses spread over a period of 
several years. The coordination between mathematicians and 
educators in planning and developing the courses and programs is 
sometimes even more haphazard than for undergraduate programs. 
The situation is due somewhat to the same circumstances that 
exist in undergraduate programs, but is exacerbated by the 
changing needs of teachers and the limited availability of 
suitable courses over the extended and variable time periods that 
teachers are able to devote to graduate work. 

Except for universities in metropolitan areas, mathematics 
departments find it difficult to offer graduate courses after 
school or during the evening for teachers. Consequently, most 
teachers take the required mathematics courses, often one at a 
time, over several summers. Furthermore, in many states, of the 
30 total credits, as few as 6 credits (two courses) must be in 
the content major (mathematics in this case). Most teachers opt 
to take only this minimum, filling out their program with 
education courses. This situation makes it very difficult to 
develop or sustain significant progress toward improving or 
extending the mathematical knowledge of teachers. These factors 
have significantly reduced the role of mathematicians in graduate 
teacher education over the past 10 years. The M.A.T. programs 
developed in many mathematics departments in the late 1960s have 
all but disappeared, replaced by master degree programs in 
education. Some universities have recently revived the M.A.T. 
program as a special degree for people from other careers who are 
retraining as mathematics or science teaching. 

Non-credit inservice education for teachers is administered 
by state and local education agencies. Much of the inservice 
work IS accomplished through relatively short workshops lasting a 
few hours,' however, semester-long courses are sometimes offered. 
In some states, a limited number of non-credit course hours can 
be used to satisfy the 30 credit requirement for obtaining or 
renewing permanent certification. There are extreme variations 
in the content, quality, and source of inservice work. Large 
school districts often employ a staff to do much of their own 
Inservice work, only consulting univereity mathematics educators 
or mathematicians occasionally. Other districts contract with 
private firms which offer professionally marketed and packaged 
programs for teachers. Textbook companies often offer extensive 
inservice work, especially for elementary teachers, as part of 
their marketing and sales efforts. Museums, community agencies, 
and governmCTit programs are other sources for mathematics and 
science workshops for teachers. 

Because university mathematics educators and mathematicians 
are often assigned full-time to teaching, research, and 
university service obligations, they find it difficult to respond 
to requests for inservice education workshops when they are asked 
to provide them. Furthermore, the university reward system does 
little to recognize efforts in inservice teacher education. Even 
when they find time to present workshops, university faculty are 
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often frustrated by the laak of opportunity to plan and develop a 
program that meets the needs of teachers. School administrators 
often simply request a workshop in "math" or "computers^' without 
prior planning with the potential partioipants or presenters. At 
best, the workshop may meet the needs of a few teaohersi at 
worstf the teaehers are unmotivated partioipants in a one^shot 
presentation by a mathematiolan or mathematics educator who is 
unfamiliar with the district's mathematics program. 

Only a fraction of the necessary money and effort is devoted 
to inservice education* The result of this situation is 
reflected in the previous paragraphs. Schools have turned to a 
number of sources in attempting to provide inservice work for 
mathematics and science teachers. While recent federal programs 
such as the Education for Economic Security Act have provided 
some help, they are the proverbial "drop in the bucket." 
Economic and a variety of other factors have substantially 
reduced the role of university mathematics educators and 
mathematicians in inservice education programs. While there are 
many competent and knowledgeable mathematics educators outside 
the university, the effect of this recent trend in inservice 
education has often been a reduction of emphasis on mathematics 
content in favor of faddish programs or workshops designed by 
people with somewhat short-term goals. 

IV. Current and Future Directions in Mathematics Education 

Mathematics education has become Increasingly complex, in 
addition to the traditional problems of curricular emphasis, 
instruction, and student achievement and the cyclical concerns of 
teacher training, shortages and qualifications, there are new 
Issues associated with technology, computers and changing student 
populations. 

Perhaps the most ubiquitous recent influence on all areas of 
mathematics education is the increased attention to learning with 
understanding and to improving higher order thinking abilities, 
ThiE trend began with pleas from leaders in mathematics education 
for renewed emphasis on problem solving, and has been fueled by 
results from the Second and Third National Assessments of 
Educational Progress. Many mathematics educators recognized and 
predicted the effects of the "Back to Basics" and "Minimal 
Competency** movements on student achievement long before the 1983 
national furor over a crisis in education (see, for example, the 
recommendations of the NACOME report, 1975 i and the NCTM*s Agenda 
for Action, -1980). The recent national reports seem to have 
begun to convince administrators, teachers, and the public that 
the focus on computation of the past decade has had serious 
consequences. Mathematics education is faced with the difficult 
task of reconstructing school mathematics, working with teachers 
and students who believe that mathematics consists entirely of a 
set of rules and algorithms for finding answers to textbook 
exercises. At the same time, we must deal with teacher shortages 
and with difficult choices in modernliing an outdated curriculum. 
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In this aaction, aoma o£ tha moat preaalng concerna and tha 
current approaehaa to tfiein will be dlaauaaad. In order to relate 
thaaa iaauaa to NSF thamea# thay will be conaldarad within the 
traditional oatagorieei reeaarch, teacher preparationf and 
materiala devalopmant* 

Tranda in Mathamatica Education Raaaarch 

^ The "Back to Basics" concerna o£ tha lata 1970ar and tha 
federal funding that aupported aaaociated reaearch programs had 
at leaat one poaitiva outcome* in an attempt to learn how 
children developed computational akilla and in order to explain 
why they made errors in computational algorithms , breakthroughs 
were made in understanding early mathematical thinking in 
children* Working aomewhat independently at firstf mathematics 
educatora and cognitive psychologists came to some similar 
concluaions about children's abilitiea to invent and apply their 
own algorithma in solving problems that were aometimes beyond 
their expected oapabllltlea* Perhaps equally important aa the 
findings from this work was the development of a new reaearch 
methodology baaed on careful, first-hand obaervations, 
interviewSf and teaching experiments to determine how children 
think. This approach la very different from earlier maas^teating 
or controlled comparison methods for determining the extent and 
nature of mathematical learning or achievement. This methodology 
is now being used to investigate other areaa of mathematics 
learning. 

One consequence of recent reaearch methodologies is a focus 
on the development and thinking of individual students and an 
appreciation for th6 complexity of mathematical knowledge 
development* It has become clear that children learn gradually, 
building more and more elaborate and accurate mental modelp ^nd 
networks of mathematical concepts and skills* This view ir ^ich 
different from earlier notions children maater one concept .4 
skill after the other, like atacking building blocks or filling 
file drawers. Similarly, teachers^ knowledge of mathematics la 
structured and linked in unique ways that determine how 
effectively that knowledge is communicated. This view of 
learning and teaching has aignificant Implicationa for 
instructional materials and teacher training. It seems clear, 
for example, that most textbooks are not written with this new 
view of learning in mind* Curriculum development and teacher 
education programa of the future must be more cloaely aligned 
with ideas of how students learn than they have been in the past. 

At about the same time that some researchers were studying 
how students learn computational concepts, other *'diehards'' 
continued to study problem solving, even though it was not very 
popular in the schools or among textbook publishers* The 
research methodology involved asking students to "think aloud" 
while solving problems, in order to determine what strategies 
they could use and which ones they might learn through careful 
teaching experiments. Also, "expert" problem solvers were 
studied in order to understand what they did that might be 
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diffarent from "novieas" who ware younger or less able in problem 
solving. This work ravtalad a oomplex relationship among 
mathamatloal knowledge and problem solving ability. While a few 
general strategies can be taught r a great deal of well- 
integrated mathematioal knowledge is naaded in problem solving. 
AlsOr good problem solvers monitor their own progress # making 
decisions about prooaading or changing dlreotlons. This ability 
is developed through long praotlce in solving a variety of 
mathematloal and applied problems. Again, this view is quite 
different from the usual approaoh of learning bits of 
mathematical contents then solving a few story ''problems'- at the 
end of the chapter. 

Research aimed at understanding how children learn rational 
numbers r algebra^ and geometry has applied similar methodologies. 
Ganarallyr this work has found that students learn much 
differently from what many teachers expect. Mathematical 
knowledge, while it is in the early stages of being learned, is 
fragile and rule^bound, not effectively applied to problem 
situations. It is important that strong, concrete links be built 
that connect conceptual understanding with prooedures and rules. 
Little of this type of teaching and learning occurs in the 
schools* 

Much of the recent research in mathematics education , 
especially that which has developed a new view of the way 
children learn and apply mathematical knowledge, reflects strong 
influences by cognitive psychologists. Recently, active 
collaborations among mathematics educators and cognitive 
psychologists have produced powerful alliances which are 
effective in obtaining funding and in influencing directions in 
mathematics education.. In fact, a few cognitive psychologists 
have become so well-^identifi led with work in mathematics learning 
that they have become the leading spokespersons on policy and 
direction in mathematics education research. 

One criticism that has been aimed at cognitive psychologists 
is that they tend to study the learning of existing school 
mathematics topics. The current school curriculum is 
computatlenally oriented and that Is the area in which recent 
advances have been made. There is some question whether similiar 
theories or approaches will extend to more advanced or 
conceptually rich mathematical content. Lacking a background in 
mathematics, some cognitive psychologists may not have a broad 
enough perspective to identify and study these concepts in the 
proper mathematical context. 
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Table 5. Numbar of SEE Research and Adyancad 
Teehnology Awards for 1985 



Mathamaties Total % Math 

Resaarch in 

Taaehing a Laarning 10 is 66,7 

Applications of 

Advancad Technologies 8 21 38.1 

Totals 18 36* 50.0 

^Includas 7 Multidisciplinary awards, ^ 

Sourca; Unpublished NSF/SEE summary of 1985 awards. 

It saami critical that mathematicians bacome invo] vad mora 
closaly in laarning rasaarch. Recent work has underlined the 
importance of mathematical knowledge in higher order thinking. 
Also, the way mathematical knowledge is structured as it develops 
is critical for learning. As research moves beyond simple 
arithmetic and algebraic concepts, mathematicians can help to 
eKtend these ideas to advanced topics. Equally important is the 
need for teachers^ mathematical knowledge to be developed fully. 
Mathematicians who are involved in university courses for 
teachers must be aware of the results and implications of 
learning research. A partnership among mathematics educators, 
matheinaticlans, and cognitive psychologists is necessary for 
making progress in the future. 

Trends in Teacher Education 

very little has changed in the past 30 years in the way 
teachers are trained. Recent emergency certification and teacher 
retraining programs, many of which have mathematics teachers as a 
primary focus, have actually done little more than speed up or 
shorten the traditional process of providing some combination of 
mathematics content and pedogogy, intersparsad with or followed 
by a supervised practice teaching experience. The reforms in 
many states deal primarily with testing and assessing fairly low- 
level teacher knowledge and do little to affect teacher education 
programs. Even the recommendations of the Carnegie Forum and the 
Holmes Committee would change mainly the sequence of teacher 
education programs rather than their structure, content, or 
approach* For example, students would learn mathematics as 
undergraduates and pedagogy as graduate students. This approach 
aompletely separates teachers' mathematics learning from 
pedagogical concerns. 

Relatively little research effort has been expended on 
mathematics teacher education. The major funding efforts by the 
Education Department in supporting R4D Centers for teacher 
education have studied generic teaching tasks such as effective 



questioning and aXaasroom managainent , While some useful results 
about affaotiva t^^ching have coma from this worki only recently 
have the research^ rs begun to recognise that content is central 
to the teaching process. 

Recent work txmm used case studies, interviews, and 
observational approaches to study mathematics teachers and 
teaching. This research has found a complex Interplay between a 
teacher's mathematical knowledge and the choices that are made in 
selecting eKample^ , in developing eKplanations, and in providing 
learning activities for students on a particular mathematics 
topic. In addltl^ii, a teacher's attitudes and beliefs about the 
nature of mathematics has a significaiit influence on classroom 
performance. Thim research is in an exploratory stage, making 
attempts to identify and catalog the relationships between 
teacher knowledge and attitudes, and their impact on 
Instructional ef fa^tivenesa and student learning. 

Table 6. Number of SEE Teacher Preparation and 
Enhancement Awards for 1985 



Mathematics 

Teacher 

Pceparatlon 5 


Total 
27 


t Math 
18.5 


Local & Regional 

Teacher Developnient 


7 


73 


9.6 


Leadership Activities 
for Precollege reachers 


2 


40 


5.0 


Science and Hatheniatics 
Education Metworlcs 


1 


9 


11.1 


Totals 


15 


149* 


10.0 


*lncludes 68 Multidisciplinary awards. 
Sources Unpublished NSF/SEE aununary of 


1985 awards. 





Even though more research must be done^ it seems clear that 
the present approaohes to teacher preparation are inappropriate. 
Mathematics courses are taught with little thought about how they 
might effectively structure a future teacher's knowledge. A 
calculus course fof an engineer or even Cor a future PhD 
mathematician many not be the most effective one for a future 
teacher high schooX mathematics teacher. Few secondary 
mathematics teaches^a emerge from a major in mathematics with a 
clear Idea of the •ssential concepts and how they relate to one 
another. They have an even poorer idea of how these essential 
concepts are reflected in the K*12 mathematics and science 
curriculum. The small amount of mathematics that elementary 
teachers study is necessarily little more than a review of K-8 
arithmetic. This narrow view of mathematics does not include 
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applieationa of ©van the simplest arithmetic eonaepta to the 
natural and soeial seianees» Very few elementary teachers have 
been Introduced to more advanced or fundamental notions of the 
inathematias that moat of their students will eventually study. 
The mathematics preparation of teachers is perhaps the most 
overlooked and critical factor in all of mathematics education. 
The problem continues to exist primarily due to the gap between 
the mathematics and education communities. 

Trends in Curriculum Deyelopment 

After a decade of inactivityf mathematics curriculum 
development is once again coming to life. Much of this effort 
appears to be in response to the pressures to modernize the 
curriculum in the light of computers and other technology. While 
none of the work is on the same scale as the projects of the 
1960s^ two major privately-funded groups (WICAT and University of 
Chicago/Amoco) are multl-mllllon dollar efforts which are sure to 
have significant Impact. Recent NSP materials development 
programs have Included special calls for proposals which would 
develop prototype elementary school mathematics materials. 

In addition to the emphasis on computers, these projects 
Include attention to higher order thinking and problem solving, 
to applications in mathematics^ and to "new" topics such as 
probability and statistics. Some special attention is also being 
directed to processes, topics, and skills seen as being Important 
in the future. Examples ef these include estimation, mental 
computation, graphing, and measurement. Finally, some of the 
projects integrate the implications from recent learning research 
Into the materials.. Attempts are made to build more carefully on 
students' intuitive knowledge and to tie understanding and 
procedural knowledge together more effectively. 

At least two major projects have significant input or 
leadership from mathematicians. One of these is the University 
of Chicago School Mathematics Project which is directed by a 
mathematician and has as its principal writers mathematics 
educators who were trained as mathematicians. Another major 
project dealing with curriculum in mathematics and science is the 
AAAS Project 2061. This long-term effort aimed at defining, 
developing, and implementing curriculum guidelines for the 21st 
century Involves panels of mathematicians, scientists, andd 
engineers in its first phase. Mathematicians are working to 
answer the question "What are the important ideas of mathematics 
that everyone should know and understand by the age of 18?" In 
the second Md third phases, educators and administrators will 
work on teacher education and curriculum efforts to Implement 
these ideas in the schools. This project has purposefully 
identified specific, and more or less separate roles for 
mathematicians and mathematics educators in the curriculum 
development and implementation process. 
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Table 7» Number of SEE Materials and Informal 
Science Education Awards for 1985 





Mathematici 


Total 


% Math Avi^ards 


Materials 








Devalopment 


12 


33 


36. ^ 


Informal Selenoe 








Edueatlon 


1 


15 




Totali 


13 


48* 


27. 3_ 



♦includes 17 Multidiseiplinary awardSi " 
Source: Unpublished NSF/SEE summary of 1985 awards. 



The recent NSF calls for proposals In materials deveSLopment 
have not attracted mathematlclani, but have received responses 
from people involved in a variety of areas Including loca2 
curriculum development, teacher education, computer workr 
research, and a few "oldtimers" who did curriculum work i^xi the 
1960s* Partly due to the focus on research over the past decad## 
and partly because there has been little attention to cur rlculum 
during that time, there are only a handful of mathematics 
educators with interest, training, and experience in cure" dculum 
work. The people attracted to this program seem more Int^erested 
and capable In developing materials for innovative segments and 
mathematics topics at specific grade levels than in workLng on 
broad, comprehensive curricula^ It ii interesting to n»^e that 
mathematicians are most heavily involved in major, broad^ iranglng 
projects, just as they were in the 19fiOi« The smaller, prototype 
development efforts with an emphasis on Innovation and 
experimentation seem less attractive to mathematicians. 

In the near future, multi*'million dollar funding ttom 
federal agencies for curriculum projeots does not appear be 
realistic. Some efforts have been explored by NSF to dev^elop 
cooperative projects with textbook publishers in order to extend 
the leverage of available funds* Direat involvement by 
mathematicians and scientists in this and other smaller scale 
curriculum efforts should be exploredi It is also import. ^nt to 
consider the role and training of matheinatics educators i n 
curriculum development. Since instruetlonal materials arm the 
most direct and significant Influence on both teachers aa«l 
students, this area requires thoughtful and effective policy, 

V. Conclusions and Recommendations 

The programs of the NSF Directorate for Science and 
Engineering Education have had a significant impact on 
mathematics education. Regular funding in support of a variety 
of programs produces **ripple effects'* far beyond the actual 
results of the projects themselves* People are energised to 
write proposals, rethink approaches, adopt new materials «nd 
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methods # and respond to_ research findings. All of this aotivity 
keeps the field alive and responsive to ehanging needs in 
inathematias teaohing and learning • 

In order for its programs to be maximally effeetiver the 
pireotorate must not only recognize the current and future needs 
in mathematics and science education, but also recognlEe how the 
programs relate to the professional lives of the mathematicians 
and mathematics educators who will develop and direct them. The 
most successful programs that have come from SEE have been those 
which responded to both of these requirements at oncep Some past 
successes seem to have been a result of propitious timing. 
However f future policies must be come from careful planning based 
upon a clear and accurate assessment of goals and who can 
accomplish them. In the following section, some recommendations 
are made for SEE policy and action. The first set of 
recommendations deal with general concerns. The others are 
summarized according to the major program areas of materials 
development r research, and teacher preparation. 

General Policies 

Attention to mathematics education at SEE has varied. 
Competing for limited funds , mathematics must attempt to hold its 
own with the other sciences and engineering. Even the name of 
the Directorate does not reflect the place and importance of 
mathematics. Coincident with the variations In emphasis on 
mathematics has been the composition of the rotational staff at 
SEE. Over the years, there has often been at most one 
mathematics education rotator. Sometimes, that role has been 
filled by a mathematician with little experience or contact with 
precollege education or research. The first year for such a 
person is often spent learning who the leaders in mathematics 
education are and acquiring a familiarity with what is going on 
In the field. Proper balance in programs for mathematics 
education and an awareness of developments in the field can be 
improved by adopting or strengthening the following policies and 
practices I 

o The name of the Directorate should be changed to the 
Directorate for Science, Mathematics, and Engineering 
Education, 

o The Assistant Director for the Directorate should be a 
leading mathematics or science educator with a strong 
background in mathematics or science or a mathematician or 
scientist with a strong background and substantial 
experle'nce in precollege education, 

o The Directorate should publish an annual plan for future 
program development and emphasis. The plan would assess 
needs and opportunities In the coming two or three years and 
Invite comments from the field. 

o At least one mathematics educator should be a member of 
the SEE Advisory Coimnittee. 

o Both mathematics educators and mathematicians should be 
agressively recruited as rotators. A balance should be 
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maintained in the numbers of these two groups. Appropriate 
IICTM oonunittees and other laaders in mathematioa eduoation 
should be consulted about qualifications* Research 
mathematicians are less likely to be able to judge the 
reputation or abilities of mathematics educators, 
o Within SEE Divisions, a mathematics educator or 
mathematician should be assigned as Director or Deputy 
Director of one of the two major divisions i Materials 
Development # Research and informal Science Education or 
Teacher Preparation and Enhancement • They should be 
assigned as Program Directors or Associate Program Directors 
for each of the programs within both of these divisions, 
o A mathematics classioom teacher should be appointed to a 
yearly rotator assignment as Special Advisor to the 
Assistant Director. 

Materials Development initiatives 

There are several important needs and opportunities in the 
area of materials development. Materials are needed which 
integrate current research knowledge about mathematics learning* 
Materials are needed which integrate new technologies. In 
addition, a clear idea or plan is needed on how materials 
development can be coordinated and integrated with the 
mathematics curriculum, since it seems unlikely and perhaps 
inappropriate that NSF fund comprehensive curriculum projects , 
Mathematicians and mathematics educators must be encouraged and 
supported in materials development efforts through projects which 
are consistent with their professional goals. These issues can 
be addressed through the following recommendations i 

o Materials develppment projects should have a research 
component to determine their effectiveness in producing 
student learning. . This research would be more detailed and 
comprehensive than the usual evaluation of materials for 
their success in producing achievement and their ease of 
implementation by teachers. 

o Planning projects should be supported which produce 
outlines and directions for innovative content development. 
Interdisciplinary teams of mathematicians, mathematics 
educators, scientiiits and technologists should study the 
essential mathematics for inclusion in the curriculum, 
o Special incentive programs should be developed for schools 
which adopt or Integrate new materials, through providing 
teacher^ workshops and consultant support by mathematicians 
and mathematics educators. 

o In addition to regular funding, a separate Fund for 
Materials Development should be established. Incentives 
would be provided for publishers to contribute to the Fund, 
and matching funds would come from HSF, The Fund would be 
administered by SEE with an advisory board of 
mathematicians, scientists, publishers, and educators. 
Q The Applications of Advanced Technologies program should 
be broadened and coordinated wit£; other materials 



development programs. Projects to apply and integrate 
eurrent technology should be focused on projects that 
involve mathematics educators as well as computer 
technologists. 

© Projects should be funded which explore successful 
strategies to implement and integrate new materials and 
technologies into the mathematics and science curricula. 

Research Initiatives 

Research in mathematics education has made some significant 
advances in the relatively short time that it has eKisted as a 
discipline. As with other disciplines, mathematics education 
research is most dependent upon funding from federal and other 
agencies. The NSP has been the main source of funding for 
research in mathematics education, and while other sources are 
availablef it will continue to bear the major responsibility for 
this support. It is critical^ therefore ^ that a continual and 
balanced program of research support be a part of SEE policy. 
The effect of impulsive starts and stops, rapid changes in 
emphasis and directionf and variations in administrative support 
of research have extremely negative effects. Since practical 
outcomes are expected to take time to develop, research must be 
sustained in order to be effective. The following 
recommendations are made for maintaining a balanced, sustained 
research effort i 

o Research in mathematics and science education should be 
given Division status in the Directorate, rather than being 
a program within a division. An experienced mathematics or 
science education researcher should be assigned as Director 
or Deputy Director of the division. 

o A balanced program of projects should be supported which 
include major centers # small teams ^ and individual 
researchers. 

o A balanced program of projects should be supported to 
Include research on teaching, learning, and materials, 
o A balanced program of research focused on single subjects 
or topics as well as on interdisciplinary work should be 
supported. 

o Projects should be supported which encourage colleagial 
interchange, group efforts, and apprenticeship of younger 
researehersp It is especially important that researchers in 
mathematics, science, and social science education 
communicate and cooperate in projects. 

o Projects should focus on manageable, yet important content 
areas of teaching and learning. When possible, several 
projects with different perspectives should focus on an 
Important area. 

o Agenda setting and synthesis activities and i^onferences 
should be a regular program effort. These efforts should 
include researchers, mathematicians, scientists, teachers, 
and publishers. 

o Workshops should be supported in which mathematicians ^ 
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taaohers^ and schopl adminiatrators study recent raaults and 
mathods of mathematlos and sQlenaei education reaearoh. 

Teagher Preparation inltlatlyea 

The preparationf certiCioatlonr and aasesament of teaehers 
is likely to remain at the oenter of attention in eduoation for 
the next several years • Policies and reoonunendationa being 
developed now by national panels and atudy groups will find their 
way into requests and proposals for funding by KSF and other 
agencies, it Is important that SEE antioipate and develop its 
own policies and prioritiea for science and mathematics teacher 
preparation, while SEE will surely want to be in step with 
current national directiona^ there are specific issues that apply 
to the preparation of mathematics and science teachers. 

As was pointed out earlier in this paper ^ the content 
preparation of mathematics teachers is in need of drastic 
reeKamlnatlon and repair. The best cooperative efforts of 
mathematicians and mathematics educators ^ supported by funding 
from NSF and other agencies^ must be marshalled in order to solve 
this problem. The teacher preparation program at SEE should make 
this issue Its priority in the next few years « The following 
recommendations are made for putting this program into actionf as 
well as for continuing appropriate attention to other areas i 
o The Teacher Preparation Program within the Division of 
Teacher Preparation and Enhancement should be strengthened. 
A leading mathematics or science teacher educator should be 
assigned on a long-term basis as Program Director, 
o A series of conferences and other activities should be 
initiated to explore approaches to mathematics content 
preparation* These programs should Involve mathematicians i 
mathematics educators, and deans and department chairpersons 
of mathematics and education. 

o Projects should be supported which examine the alignment 
of university mathematics courses with the current school 
mathematics curriculum, and with new curriculum projects, 
for coverage, emphasis, and philosophy. 

o The development of new mathematics and science courses for 
teacher preparation should be supported. The emphasis for 
these courses should be on mathematical processes and how 
they relate to content, structure, and formalism, 
o New structures of teacher preparation should be examined 
which integrate university work, responsible school-*based 
practlCB^ and experience with mathematics applications in 
science. Industry and business. Rather than separating 
mathematics coursework and applications from teaching 
practice. It should be further integrated, 
o Programs for the Involvement of mathematicians and 
mathematics educators in Inservice work should be explored, 
o States^ regional school distrlctSf and professional 
associations should be supported in developing standards and 
prototypes for inservice mathematics and science courses 
that are accessible to teachnrs throughout the country. 
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Summaf y 

~~ Klthough this is a fairXy long and flomewhat ambitious list 
of racoMnendations, it represents the range of serious issues 
that confront mathematics and scienco education at the present 
time. This is a critical time of potential for reform and 
meaningful change. It 1p important that NSP recognize not only 
the overall opportunities brought about by the recent pressures 
for change, but also the specific problems within mathematics and 
science education, NSP has had an historical role as the major 
source for supporting programs that had significant impacts on 
American science and mathematics education. In responding to the 
many current needs, SEE must be strengthened and its policies 
directed so that they are closely in tun© with the needs of the 
field and of the mathematicians and mathematics educators who 
sarry out the work. MathsnsaMcs educffltion must be maintained as 
a fundamental area of suppo^h, in recognition of its importance 
as a basic literacy subject, a foundation for study in the 
sciences and engineering, and as a rapidly growlnq discipline of 
study* ■ , 
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1, Introductioni Motivation and Goals 

SRI International haa been funded to conduct an assessment of the Science and Engineering 
Education Directorate (SEE) within the National Science Foundation (NSF), As a part of their 
report, we have been asked to write a itatement that focuses specifically on computer science at 
the pracollege leveL In this report, then, we attempt to address the following question: what 
types of Mtfategiea could SEE support in order to most effectively and most beneficially affect 
the teaching of computer science at the precollege level? 

In the past, the icience education directorate at NSF has played a major role in getting 
computer science into the precollege classrooms. In particular, they were the prime movers 
behind BASIC becoming the de facto standard for non-profe^ional computing. One of their basic 
motivations, as we read it, is the same now as it was then: to make available to sehooli the tools 
that scientists on the cutting edge of science use in their work. For example, FORTRAN was a 
key tool for science reitarch in the 60's, Unfortunately, it was tc^ unwieldy for school children. 
Hencej the education directorate at NSF supported the development of BASIC. Similarly, LOGO 
development was supported by the education directorate at NSF: LOGO presented another 
opportunity for expanding our ideas of computing and mathematics in particular, and for 
expanding our ideas of thinking in general Moreover, LOGO was purposely designed to be 
accessible to elementary school children* Currently, NSF/SEE continues to lead in the 
development of new ways to teach and learn using computing. In particular, the Advanced 
Applications of Technology Program (AATP) within NSF/SEE supports highly innovative 
research in exploring the use of cutting edge technology and science the opportunities that are 
becoming available ™ in precollege education. Thus, we feel that NSF/SEE is doing the right 
sorts of activities in the computing area. Our intent in this report, then, is not to suggest a 
redesign of their efforts. Rather, our intent is to provide a focused discussion on (1) the goals of 
computer science education at the precollege level, and (2) suggestions for specific issues and 
areas that need continued and/or new research support. 

The basia stance taken in this report is this: it is not a question of whether computer science 
needs to be included in the precollege curriculum, but rather, it is only a question of what needs 
to be included. Quite frankly, this stance echoes that taken in essentially all the reports on 
education in this country that have recently been published* For example, the Nation at Risk 
Report refers to computing aa "a new basic." Children are taking computing courses en masse; 
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children are finding it fun to use the computer. Thus, there is an opportunity here for 
education: the computer provides a medium that is, by and large, intrinsically motivating to 
students and it gives them a most powerful and flexible tooL While there are naysayers with 
respect to the use of technology in education, their arguments continue to lack much force: 
computing is here to stay, and it has been shown to be educationally useful; we shouldn't look 
"backwards to the basics, but rather forward," The story told by the educational reports, and 
iiuircred in this one, is this: to ignore computer science in precollege education is to risk the 
future of our children. They, more almost then we, need to understand and use computers and 
computer science. 

One final issue before we get into the body of the report: the charter that we were given was to 
look at the teaching of computer science par je, as opposed to the more general topic of 
incorporating computing into the precollege classroom.^ While in principle that separation 
sounds reasonable, the reality is different: one doesn't create a curriculum in a vacuum. Rather, 
in order to have a sharp idea of what teaching computer science at the precollege level should be 
about, we need to examine where computing is going in general, and how people will be using 
computing. BsLsed on this sort of assessment, we are then in a position to identify specific 
computer science education issues that address the real needs of computing users. Thus, this 
report will deal with computer science education per but from the perspective of where 
computing appears to be heading. 

The organization of this document is as follows: The first question that arises is, what ia 
computer science? While there is no agreed upon definition of the content area called "computer 
science," in Section 2 we outline the broad areas that can come under that heading. Next, in 
Section 3, we identify the reasons that have been given for teaching computer science at the 
precollege level. Based on our sense of "where computing is going" and on how non^ 
professionals will use computers (Section 4), these goals will be re-examined in Section 5, 
Finally^ in Section 6, for the goals that still should be pursued, we identify (1) the research 
questions that need to be explored, and identify (2) the role that NSF/SEE might play in 
pursuing those research questions (Section 6). 



This more general tople is treated In great length in the main SRI report, 
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2. What IS Computer Science? 

While it would make things tidy if there were a simple answer to this question, the reality is: 
there is nq accepted, well -defined content area called "computer science," A better question to 
ask, i,e,, one for which more agreement can be had, is* what are some core subject areas within 
computer science? They are: (1) theoretical issues (e.g., algorithm analysis, computability) (2) 
programming languages, (3) operating systems, (4) artificial intelligence, (5) applications (e,g,, 
databaie systems). Within each of these areas, there is a welMeveloped set of core concepts 
that are taught. For example, in theoretical computer science, one learns about complexity and 
computability issues: how fast can a subtraction algorithm be? what types of calculations could 
take an infinite amount of time to compute? 

Computer science topics can be studied in their own right. For example, much as a learned 
igth century person needed to understand the basic concepts of geometry, it might be argued 
that a learned 20th century perron needs to have some appreciation for baaic issues in 
"computability." This line of argument goes significantly beyond the scope of this report, 
however. Rather, we take a more pragmatic view of what computer science education should be 
about: as we argue below, at the precoUege level, computer science education needs to be in 
service of the larger educational need making students into effective problem solvers. Should 
they decide to become computer professionals, students will have time enough in college to tackle 
the corpus of knowledge called computer science, The keyj then, is to identify the set of 
concepts within that corpus that can most profitably be taught at the precollege level. In 
determining this set of concepts, one needs to take into consideration valid, educational goals. It 
is precisely these goals that are the subject of the next section. 

In today's precollege computer science courses, students are, by and large, simply taught a 
programming language. Moreover, students tend to have only a minimal amount of handson 
experience doing programming. For example, students taking an introductory college-level 
computer science course spend on the average between 8 and 10 hours per week hands^n, and 
end the semester writing a final program of between 5-10 pages of code* In contrast, students in 
precollege courses at best spend 1 hour per week hands-on, and end up writing a final program of 
at best 2 pages of code. The difference in time and content need not be one of "intellectual 
development," High school students, if given the opportunity, would find a typical introductory 
college programming course very acce^ibla. Thus, under no stretch of the imagination can what 
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ii being taught today as conipufcer science at the precollege level really count as computer science 
par ae, nor can it be viewed m helping students become effective problem solvers. The content is 
too weak, and the exposure to minimal. Thus, if we take seriously the notion of teaching 
computer science at the precollege level, we need to accept the fact that a more comprehensive 
and intensive program of study will need to be developed. This is an important observation in 
light of the recommendations made in the national reports on education: we need to redesign 
what is being taught in the name of computer science at the precollege level, if we are to provide 
itudents with *he necessary knowledge and tools to keep them functioning in our technologically- 
oriented society. 

3. Why Teach Computar Sciance at the Precollege Level? 

The students- school day is already jam packed with subjects. If we advocate that even some 
aspeots of computer science be taught^ we are really saying that some other subject must be cut 
short in order to make sufficient time available. While subjects such as geometry, geography, 
etc* were considered "untouchable" — of courae they should be taught — educators are 
baginning to re^vaulate the entire curriculum. In effect, subjects are vying for a place In the 
school day. 

Is there, then, any special reason why we should teach computer science? Below we identify 
several goals that have been put forth to justify the teaching of computer science at the 
precollege laveL 

• GOAL It Oomputer Literacy Provide students with a working understanding of 
computers and computing. We need to teach students "computer literacy" because 
computers are becoming increasingly more pervasive in our society; a responsible 
citizen will need to have some awarene^ of computers in order to make informed 
decisions* This rationale haa some merit, though detractors say: why don't we teach 
telephone literacy, etc. The point is that computers are playing decision -making 
roles, whereaa telephones haven't and won't. 

# GOAL 2: Transfer of Problem Solving Skills Enable students to become better 
general problem solvers by teaching them programming. Claims have been made 
that by learning to program one really learns general problem solving skills. Much of 
the commitment to LOGO waa due to this type of claim. 

^ GOAL Bt Computer Science as a Problem Solving Tool ^ovide students with 
the skills to use computers to solve problems. Oomputer science is like mathematics^ 
in that mathematics is used to solve problems in many subject arei^. That is, 
whether someone is learning about physics or geography, the computer will be used 
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m a problam-aolving tool, and thus students need to learn some basic computer 
science notione ™ much aa they learn basic mathematical notions. 

• GOAL 4: Prepare Prof^mional Scimtist8 Expose students to the world of 
science in general, and computer science in particular^ and provide them with some 
preliminary training, The icience profession needs highly trained — and motivated 
individuals* Providing early, positive eKperieiices with science in general^ and 
computing in particular, should build a baais from which students can go on to 
master more explicitly the technical content of a scientific diicipline. 

Note that we have here only stated the goals^ without any evaluation of their validity. After a 
discussion of the direction in which computing is heading, these goals will be re examined in 
Section S: what goals are still worth pursuing? are there any other goals worth pursuing? 

4. How Non-profeasional Computer Scientists Will Use Computers — 
and What They Will Need To Know. 
It does not take a crystal ball to see the following major trend in the use of computers by 
"non<:omputing-professionals" (i.e., not professional programmers, but rather, experts in a 
domain, e.g., accounting, meteorology, medicine, teaching): computers are being used to 
mediate actions between a user and the world. For example, in the past pilots flew planes 
directly; however, now "fly by wire," where a computer is an integral part of the flying process, 
are becoming more popular. A more down to earth example: managers make decisions based on 
limited information; now, with the coming of databases, managers can glean all sorts of key 
information from a databiae in order to make a more informed decision. And one further 
example: business spreadsheets are a major form of communication. Now, with spreadsheet 
languages such aa LOTUS 1-2-3, businessmen, accountants, etc. can conveniently and powerfully 
use spreadsheets in their everyday activities* In effect, "special -purpose, domain specific 
programming languages" are being developed;^ these languagea are used by domain specialists, 
not programming specialists, and enable the domain specialist to solve domain related problems. 
We see no reason why this trend will abate; computers can be made into powerful tools that 
decision -makers need in their everyday activities. 

Given the increaaing pervasivene^ of computers in every aspect of society, the next question to 



To point out just a few dom^n-speciflc language already on the market* algebraic symbol 
muipulation languagai for enginaei^ (e.g., muMath), spreadsheet languages (e.g, LOTUS) for 
busin^men^ graphics package for bxUb^ and designari. 
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aak is: how will iiSirs intiract with the cornputers in order to pursue a user's goals? There are 
two views on this question: 

• The No Programming Wew Packages (e*gM word processors, database systems) with 
a prespecified set of commands can be designed for a user in an area (e*g.j 
accounting, meteorology). These packages will give the user all the functionality that 
is and will be needed, A user gets access to the information s/he needs by simply 
selecting from the provided commands. 

• The Programming View: Users will always be pushing the limits of a given software 
package: they will want nay, need to combine the given primitive operations in 
the paokaga in ways that were unpredicted by the software designers and they will 
want nay, need ' ^ 'ng together sequences of these combinations. 

If The No Programminc ^uj is correct, then users will not need to know anything deep about 
computer science: a pilot flying a 747 doesn't need to know how to program, even though s/he 
is flying only a model of the plane. In contrast, if TJie Programming View is correct, then users 
will need to know concepts from computer science: e.g., they will need to know what is and is 
not computable given what resources, know how to decompose a problem into a set of eKCcutable 
subcomponents, know how to represent data, know how to debug their solutions, etc. 

Which view is more probable, more realistic? Time and time again in computing-s, albeit short, 
history, we have seen initially "complete packages" opened up so that users can have new and 
different functionality: give users 10 commands, and immediately they want an 11th, or a 
different set of 10, or they want to compete sequences of the commands. Thus, history favors the 
Tfca Programming View:^ while individuals will not be using BASIC or Pascal, they will still be 
programming programming in domain specific, applications-oriented languages.^ 



For the iake of eontrast and emphaais we are pitting these two poiitions against each other. Clearly, 
however, this is not a black^or^white, this-t^th^excluiion-of-the-other situation: for some applications the 
Tfte No Programming Vfeu; will surely be appropriate. Nonethele^, it is our sense that for most 
iltuations, The Programming \^ew will be the most appropriate. 

4 

There is eonsiderable debate in the computing community bm to the design of these appllcations- 
oriented Iwguag^, e.g., should the language be "declarative," enabling the user to specify only what 
i/he wants done, or should the languages have a "procedural" eomponenti enabling/requiring the user to 
ipecify how to achleva the d^ired goali. Or* what is the role of graphics in programming (so-called 
"visual programmini language")? Frankly, It Is too early to make any definitive statement on these 
sorts of lasu^: much more experience with applicationi-orieiited languages is needed. While these issues 
are debated, the baseline for the debate hm acceptance: computing is going in the direetion of 
applications^oriented language. 
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The position that people will nead to program, albeit in applicationsK5rianted^ special -purpose 
languages, impacts directly on the goals of teaching computing at precollege level, and by 
implication, what SEE might best do to facilitate those goals. What, then, should be the goals 
of teaching computer science at the precollege level? The next section deals with this question* 

5« What Goals Should Be Pursuedi A Re-EKammation 

In light of the above observationi, let us return to the educational goals identified earlier and 
see if they still should be counted aa valid^ pursuabla goals.^ 

• GOAL Is Oomputer Liferacy ^ovide students with a working understanding of 
computers and computing. This goal was actively pursued through NSF/SEE 
support in the late 70% early 80'S* While hard data is not yet availablcj anecdotal 
evidence from students going on to college suggests that students are acquiring an 
understanding of computing during their precollege education. In particular, it is the 
sense of many teaching collage level Introductory computer science courses that lately 
students coming into college already know quite a bit about computing. Moreover^ 
wharaaa in tha early 80's a major portion of those enrolled in introductory college 
laval computer science courses said, at the start of the course, that thay had **a fear 
of technology, a dialika of technology — especially computers" — students now do 
not seem to be nearly aa faarfuL 

Thus, should further rasouroes be pumped into tha goal of attaining computer 
litaracy" at the precoUaga lavel? Given the above observations, a raaaonai>le answer 
would be: no. Computer literacy programs, sponsored in large measun* by the 
education diractorate at NSF, are in place^ and continue to be put in place; moreover^ 
they seam to ba successfuL As SEE is in fact now doing, resources need to be 
redeployed in favor of new opportunities in computing, 

• GOAL 2: Tran&fer of Problem Solving Skills Enable studenta to become better 
general problem solvers by teaching them programming. This goal tacitly assumes 
that the skills laarned in programming do transfer. Empirical studies have been 
conducted that seek to assess this claim. As most transfer studias in aducation turn 
out, thasa studias too typicilly show no transfer. However, care must be taken in 
interpreting tha negative results: for example, it is just not clear that students in the 
studias even laarnad programming, so it is not fair to expect nonexistent skills to 
transfer. Moreover, the transfer studies typically did not focus on any specific 
programming/problem solving skilL Thus, definitive rasults on this goal are just not 
available yet, 

Tha importance of this goal will bacoma even more paramount, given our discussion 
of where computing is going: if The ^ogramming View is correct, then more and 



Note that here we will restrict oursalvw to identifying what foali are worth pursuing: in the next 
section (Seetlon 6) we addr^ the qu^tion of how they might bast be pu^ued. 
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mora afcudants will be programming in the context of specific applications, and thus 
the potential for benefiting from programming is even more present, Moreover, for 
many students programming is a "hook** into learning about problem solving: there 
is something intrinsically motivating about programming and thus, if the problem 
solving skills do transfer from programming, it makes good sense to teach problem 
solving in the context of a subject that students find exciting and fun* 

Thus, the goal of realizing transfer from programming to problem solving still merits 
pursuit. What is needed, though, is more focused research on the underlying claims; 
we will describe such a research effort in Section 6. 

9 GOAL 3: Computer Science aa a Problem Solving Tool Provide students with 
the akills to use computerB to solve problems. To our thinking, the biggest payoff 
for teaching computer science concepts in the precoUege curriculum lies in the area of 
"computer science as a tool, in the same way that mathematics is a tool" As we 
argued above, the computer will be the tool that allows professionals from all walks 
of life to better perform on the job. Note, that we are being pulled in this direction, 
anyhow: the development of applications -oriented, problem specific programming 
languages, and the hardware on which to run them, is and will continue to be 
developed* Thus, in addition to the importance and validity of this goal, SEE can 
piggyback on software and hardware developments that are beginning to take place 
now* For example, new, higher-powered personal workstations are daily being 
released. In sum, this goal deserves to be pursued — needs to be pursued, ^ • 

• GOAL 4: Prepare Professional Scientists Ea^pose students to the world of 
science in general^ and computer science in particularf and provide them with some 
preliminary training. This goal is still an important one; there is a thirst for 
scientists and computing professionals that will not diminish in the near term^ 
Exposure to the excitement and wonder of science in general, and computing in 
particular at the precollege level is unquestionably appropriate* 

In addition to the above goals, there is another goal that needs to be pursued, which only now 
is gaining recognition. 

# GOAL 5s Experience in Design Provide students with the skills necessary to 
synthesize artifacts. Today, the precollege curriculum emphasiies analysis skills: 
skills that enable a student to analyie "what is*" However, students — and people 

oonstaotly need to create artifacts to enable them to achieve their goals* Whether 
a peiw>n is constru'nting a plan for getting from point x to point y, or attempting to 
put an eyelet hc^k on a doorj one Deeds synthesis skills in order to create an 
effective procedure for action. In effect, we need to teach students how to carry out 
design. We are here arguing that all students need to learn at least rudimentary 
design skills --^ not just those that are going into a specific design discipline (e.g*, 
engineering)* In order to function effectively in the world, people need to constantly 
create "agents" that facilitate their actions. 

By teaching programming, one teaches synthesis skills, as well aa analysis skills: a 
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program is an artifaet, albeit a "soft" one, that enables us to achieve the ends we 
desire. Moreover, if our reading of the future is accurate that computeri will be 
mediating more and more of our actions — students will need to learn how to designi 
.i.e* program, domain specific agents in order to be effective problem solvers, Thus, 
we add this goal to the list of valuable, pursuable goals: teaching students synthesis 
skills by teaching them programming. 

The next section provides some speeific guidelines on how the above goals should be pursued. 

6. How Should These Goals Be Pursuedi Identifying the Tasks and the 
Actors 

Given that the goals in the previous section appear to be valid ones to pursue, how might they 
be advanoed? Below we identify a number of t^ks that need to be undertaken in order to 
facilitate the realisation of the aforementioned goals. In addition, we will identify the institutions 
that are in the best position to undertake the tasks we identify^ 

• GOAL 2i Transfer of Problem Solving Skills Enable students to become better 
general problem solvers by teaching them programming. In order to most effectively 
pursue this goal^ research needs to be conducted into (1) identifying the skills that 
are being taught in programming^ (2) determining whether or not these skills 
transfer* In fact, within the Applications of Advanced Technology Program of 
SEE/NSF, one of the four areas of concentration is precisely this topic. ^ This is a 
high payoff and high risk area: if it turns out that specific problem solving 
skills learned in programming do transfer, then, since programming does capture the 
interest of students (though, of course^ not all)i then there could be a big win in 
taaohing programming. 

There is a very practical goal that will be achieved if some answers on this topic can 
be obtained. A main claim of the proponents of teaching programming is the 
transfer claim. There is a lot of emotion surrounding this issue. Moreover, significant 
rasources are expended by schools and parents in the hope that they too can tap into 
this "Rosetta Stone." Some hard answera on this topic would help to provide 
educators and parents with information to make a more informed judgement on this 
topic. For example, if it were found that no skills economically transferred from 
programming, then the argument to teach programming would be greatly diminished. 
In turn, the resources freed up from not teaching programming could then be applied 
to some other area of computing. Thus, the topic of skill transfer from programming 
raises exciting, important scientific questions, as well as providing key input on the 
practical question of the role of programming in precollege curriculum. 

Should NSF be the agency to fund this research? Reasonably, one could argue that a 



Per example^ Soloway at Yale [lo]. Linn at UC Berkeley [s], and Mayer at UC Santa Barbara [7] are 
inv^tigating the cognitive consequence of learning to program under AATP iupport. 
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private foundation, such aa Sloan, Carnegie, etc« could take on suoh a funding 
initiative, However^ these aganeies do not typically have the resources to fund a 
possibly lengthy research initiative; it will take approximately 5 years before 
definitive findings can be had on this topic. AIsO| this topic would most likely not be 
a high priority one for DOD funding agencies (e.g., ARI, ONR); the results frorri this 
research would not have a big impact on their training (aa opposed to education) 
programs* NSF, with its mandate to focus on public education could do the country a 
major service by supporting research that provides results in this key area. 

In sum, then, we recommend that AATP/SEE continue their support of research in 
this important area. 

• GOAL 3: Computer Science as a Problem Solving Tool Provide studenta with 
the skills to use computers to solve problems. In what follows we will identify a 
number of tasks that need to be undertaken in order to realize this goaL Since we feel 
that this goal is a critical one for education^ we will go to some length in discussing 
how and why the process should proceed. If children in school are going to keep pace 
with the tools and the learning that goes with the use of those tools available 
outside the classroom, then a program of the sort outlined below needs to be actively 
pursued. 

o TASK: Develop ememplara of problem specific programming languages and 
integrate them into the curriculum. 

In order to explore the effectivene^ of problem specific, applications -oriented 
programming languages, a number need to be built, inuorporated into the 
school, and evaluated. In faet^ ieveral projects of this sort are currently being 
funded by AATP. Undoubtably, commercial enterprises will continue to 
develop such languages (e,g, spreadsheets); however^ their motivation will not 
be to further education^ but rather, their motivation will be an economic one. 
Moreover, commercial enterprises will not be concerned with integrating their 
tools into a curriculum, and with carrying out a scientifically motivated 
evaluation. Thus, NSF, with its mandate to support public education, is the 



It would not be a dtetortloQ to view the foUowIng proJectSi which are supported by the AA,TP, m 
investigating the development of appllcattons^oriented pro&rammtng languag^i Hawkins [4]» at Bank 
Street Collegei and Larkin [5] at Carnegie^Mellon University^ are developing software environments for 
itudents exploring phyiics; Bwets [12] » at BBN, is developing a software envtronmant for students 
itudying statistics; Roberts [9]i at L^ley College, is developing a software environment for students 
studying algebra. 
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firsfc choica for supporting protofcypa development with a clear education focus* 

Note, however^ that SEE can piggyback on developments in the commercial 
sector: commercial ventures may produce software that has utility in the 
clafaroom. For example, the new class of algebraic symbol manipulators (e*g., 
[MuMATH, REDUCE]), is a prime example. While the targ^i population for 
these systems ws^ not originally pre college education, but rather practicing 
engineers, they might be nonetheless applicable to an educational setting. Thus, 
rather than developing such problem specific, programming languages from 
scratch, researchers may be able to use these products aa prototypes, and move 
directly into the integration and evaluation phaaes. 

In sum, then, SEE needs to continue funding the development, deployment, and 
evaluation of exemplars of problem specific programming environments^ As is 
typical of technological innovations, the research base upon which to generalize 
and more accurately i^ess the impact of this type of innovation will take 
approximately J -7 yeare to build. 

© TASK: Develop tools for building problem apecific languagea; ultimately we 
would like a user to be able to interactively construct his/her own problem 
specific programming language. 

While the cost involved in developing these probkm specific languages will 
ioitially be high, we need to develop techniques for aiding users in constructing 
these languages. Again, commercial enterprises will also be working on this 
problem. However, the science underlying these tools is still in no way well- 
understood. Leverage in funding this research can be gained, however, by 
noting that this topic will also be funded by others within NSF, most notably 
the Information, Science & Technology Division and the Computer Science 
Division. While their charters do not force them into focusing, say, on tools for 
a 12 -year old in geography, their research will certainly complement that 
undertaken by SEE. 

In addition to the basic computing issues involved in developing tools of this 



The cost Involved in doing this r^aareh is high^ the medium = computers ~ can be coitly. We 
certainly don't want to Umit r^tareh to hardware widely available (so-called nrst generation personal 
computers, e,g,t Apple Dt, Commodore 64). The high-powered personal workstations that are just 
becrming available are most suitable for doing r^earch in this area: to provide a supportive user 
anvironment requires considerable computational power (memory and speed) as well as high-quality 
graphics. ThuSp the issue of cost of this r^eiurch must be faeed squarely: there is no getting ar^^nd the 
problem that doing research on computing environments of the future will be costly to conduct now. 
W^tlng for those environment is dangerous^ when they come, we won*t know what to do with them. 
Frankly, the impact of the development of persoaal compute!^ (e^f Applw, Commodores, Radio Shacks), 
took the education world by surprise: only in the last few years has even marginally good educational 
softwitf€ appeai'ed* Thus, we neec^ to be prepared for high-quality computing environments that will soon 
be relatively inexpensive. 
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sort, there are many cognitive issues that also need to be explored; what is the 
match of language primitives, problem type, and human problem solving 
strategies? These issues also play themselves out in problems of designing 
interfaces for the tools. Again, research is already being supported by a wide 
range of agencies on these topics, Nonetholess, an effort within SEE that 
focuses specifically on the needs of students is needed.® 

In sum, then, developing tools to assist users in developing their own problem 
specific languages should receive SEE support. However, in comparison to the 
above task, we see the funding by SEE for this task to be minimah a few 
projects focused quite clearly on the needs of precollege students. 

o TASK: Re design curriculum to incorporate the new tool problem specific 
programming languagea. 

There is a general consensus in science and mathematics education that one 
wants to teach students to do, for example, mathematics as opposed to simply 
learning about mathematics. For example, Papert [8] argued that in using 
LOGO to teach mathematical concepts, students would be put in a more 
active, discovery role. While the problems with actually achieving this goal 
have become evident, it is still (1) a valuable goal, and (2) one that 
programming in principle can help to achieve. That is, in writing computer 
programs, be they be in a spreadsheet language, LOGO, BASIC, or some 
problem -specific language, students must actively confront some input, and 
oarry out some sort of analysis in order to achieve a goal. In effect, we are 
seeking to teach the students to be researchers, developers of knowledge, m 
opposed to JuMt consumers of facts. Thus, in order to take full advantage of the 
potential of this style of instruction, curricula need to be redefined^ current 
curricula does not fester this interactive style of learning. 

For a whole host of good reasons, piecemeal introduction of this sort of 
technology into the curriculum may not result in appreciable educational gains. 
For example, if students see the technology in only one subject area, they may 
well not see the import of the technology, nor may they even learn how to use 
it cffeotively. In order to become active learners, students will need to adopt a 
mindset different from the one they have now* Correspondingly, teachers need 
to view these problem specific programming languages as integral parts of a 
subject matter, and not as an "add-on." Thus, curriculum development and 
its deployment present a serious problem. 

SEE has funded curriculum development in the past. Moreover, SEE has 



A project that address^ this area is already being funded by the Advanced Teehnoiogy Program < 
NSF/SBE. In particular* Dr. Andrea diS^a [3] hsa been funded to inv^tigate what the computin 
environment for third gradera might be in the 1900's. He is developing a programming languagap calh 
B03QiR, which li a extensible language: student can either use iht language constructs provided j 
BOXER, or they can create their own. 
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supported focused initiatives that seek to integrate technology into an entire 
component of the science/math curriculum. Similarly^ in developing curriculum 
for the technology identified here, we recommend that SEE should set up a 
focused initiative which seeks to incorporate this technology into all sub -areas 
of math and science in the precoUege curriculum* 

o TASK: Develop new teaching strategies that capitalize on the power that 
students will have in using problem specific programming languages. 

A student actively pursuing a problem, alone or in concert with classmates, is 
draatically different from the current lecture mode of instruction, How should 
the classroom be organized? What is the role of the teacher in this learn -by- 
doing situation? Moreover, what are the strengths/weaknesses of "cooperative" 
learning where students work together on a problem, Oomputing will 
facilitate the interchange of information, and provide a ready environment for 
cooperative work. How will this style of learning effect teaching? the 
classroom? SEE needs to play a key role in this task also, 

o TASK: Identify what concepts from computer science need to be taught in 
order for students to effectively use problem specific programming languages. 

Clearly, the mainstream student does not need to conquer the computer science 
corpus* While some concepts clearly should be mistered, the specific curriculum 
is a moving target: until we have a better sense of how computing will be used, 
we won't be able to accurately pin down the computing concepts needed by the 
mainstream student. Thus, we suggest that more exemplars of problem specific 
programming languages be developed and incorporated into the schools, before 
this task of identifying computer science concepts be undertaken, 

Q TASK: How should we teach students about programming in these languages? 

As we mentioned earlier, present instruction in programming is painfully 
simplistic in its approach: teach syntax and semantics. However, we need to 
rethink what counts as programming^ and thus what the studants need to 
know^ and how they should be taught. In supporting research on this topic, 
NSF/SEE can again benefit from the training courses that commercial ventures 
will develop to teach people their proprietary^ problem -specific programming 
languages. However^ commercial companies may not focus on a real issue that 
needs to be faced in an ed ?cational setting: students may well need to learn 
several problem -specific languages. What are the cost/benefits in this type of 
situation? 

o TAJSK: What do we teach teachers in schools of education to better prepare 
them to make use of problem sped fic programming languagesf 

Last, but absolutely not least, is the issue of teacher training. Teaching 
teachers about problem specific languages is a micro-example the larger 
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teacher training problem: (1) technology moves so faat that the computing 
environments on which teachers are trained in schools of education are not the 
ones that they will use in the classroom, 5, 10 years after they have finished 
school, (2) by and large teachers are not taught to be domain experts that 
develop knowledge; thus, it is hard for them to teach students to do research, 
to learn -by ^oing, when their instruction has not included such learn-by doing 
efforts. 

We do not think that a research effort directed at teaching teachers about 
problem specific languages is the right approach. Rather, we need to face head- 
on the problems of teacher training with respect to all of technology, of which 
problem specific languages is but a part. We feel that this topic is a 
particularly vexing one, and needs some clear, focused attention by SEE. 

Given our sense of the importance of this goal, we hava spent considerable time here 
identifying issues that need exploring* Clearly, considerable resources will need to be 
expended in order to pursue the above identified tasks to some successful closure. If 
resources are not forthcoming, we can foresee that education will most likely miss out 
on an incredibly powerful, problem solving tool. 

# QOAL 4s Prepare ProfeBBional Scientists Ewpo&e atudents to the world of 
science in general^ and computer science in particular, and provide them with aome 
preliminary training. Besides simply adding new coui^es"® to the curriculum, how 
can this goal be furthered? It is our opinion that not doing anything special for 
luring and educating would-be professionals is an appropriate strategy: if even parts 
of Goals 3 and 5 are implemented, students will be exposed to a considerable amount 
of computing. Thus, those that may eventually go into computing aa a profession, 
should have sufficient computing in their milieu to whet their appetites. Frankly, it is 
not even clear that is a good idea to have students specialize during precollege in 
computer science. Thus, we don't advise SEE to put any significant resources into 
this achieving this goal 

• GOAL 5: Emperitnce in Design Provide students with the skills necessary to 
synthesize artifacts. We could be teaching design now, with the current crop of 
programming languages; while the next generation of languages (e.g., diSesssa's work 
on BOXER) and technology (individual, high-performance workstations) would 
facilitate and enhance the activity, we have components in hand now to teach 
studenti how to carry out design, Moreover, it is not the case that we don't have 
any good ideaa on what should be taught and how: there have recently been a 
number of books and papers on precisely this topic (e.g., [l, 11]). The issue is the 
development of curriculum materials that make this topic more readily available to 
teachers, who in turn can make these ideaa available to students. Moreover, it is our 
sense that a concerted effort at developing those curriculum materials would (1) be a 



Adding new, mora speciaiiied course may not even be an option: a real queitlon facing schooli ii the 
lack of qualifled computer sciential willing and able to teach. Increasing courae offerings may only 
exaeerbate Bn already difncult situation. 
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short-term effort (2-3 years)^ and (2) not require excassive resources (an initiative 
comparable to that now being supported by SEE to facilitate the incorporation of 
advanced technology into the teaching of basic math skills). The output of such an 
initiative should be materials that can be distributed to schools. 

We fed that thia goal i$ a moderate risk/high payoff goal: the materials necessary 
to achieve this goal should be developable in the near -term, without expenditure of 
unreaBonable resources; and, most importantly, the skills imparted to the students 
are critically important ones, though they are sadly not currently incorporated into 
the precoUege curriculum in any coherent, systematic fashion. 

A task that needs to be undertaken in essentially all the above projects is that of evaluation. 
Mentioning "evaluation" last is not meant to relegate it to second ^lass status. Rather ^ our view 
is that evaluation can provide critically important feedback to the developers and participants of 
an educational product: evaluation tells one "what to do next." Thus, m an integral part of 
the tasks outlined above, we strongly suggest that resources be explicitly set aside to carry out 
evaluations. 

7. Concluding Remarks 

The amount of effort and resources needed to pursue the goals identified in Section 8 is 
significant. In fact, it may seem out of proportion: afterall "computer science" is but one of the 
science and math areas that is vying for a spot in a student's school day, However, computing 
(and the corresponding notions from computer science) is fast becoming the "queen" of the 
sciences of problem giving, in general and thus we need to explicitly deal with making it 
available to students at the earliest possible moment. 

What is the status of research directed towards that goal? SEE, and mora particularly the 
AATP, has already been funding research directed towards many of the goals identified in 
Section 6, Thus, we endorse the efforts of SEE and AATP at providing both direction and 
results on the key goals facing the realization of computing's promise in education. They have 
both led in creating new research directions, and been responsive to the needs and opportunities 
arising from the community. They are to be commended for providing a key rallying point for 
workers in the field. 

Finally, what might happen if e^entially none of the proposals for research identified here are 
accepted? What might happen if computing is viewed merely aa another iubject area, and thus 
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relegated to a eeat equivalent to say, geometry? The commercial sector will continue its push to 
incorporate computing into all possible areaa; the marketplace-s drive for that economic edge 
that comes from being able to know something and do something better than the competition 
will naturally result in the intertwining of computing in all phases of the workplace. And where 
will education be? Students won't be exposed to the latest, newest thinking and doing; students 
will still be learning to do cube roots via penciNand -paper. E. Bloch, Director of NSF^ recently 
talked about making sure that America keeps its competitive edge in the marketplace: research 
needs to bring out new ideas, some of which will eventually find their way into furthering the 
growth of America [2]. The marketplace has already decided that computing can provide that 
competitive edge. Educational institutions run a great risk by ignoring the explosion of 
computing: schools will be the dinosaurs and companies the latest, most adaptive creatures — 
and who wants to be with the dinosaurs in the face of a changing world? 
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Introduction 

In 1984, Confess included in NSF^s appropriations bill (P.L 98-371) a require- 
ment for a contract "to develop a science education plan and management structure for 
the Foundation," As part of the response to this mandate, the Directorate for 
Science and Engineering Education (SEE) issued a request for proposals (RFP) for a 
project to "assess initiatives available to NSF to address the problems and opportuni- 
ties in science education."* SRI submitted a proposal in response to that RFPi was 
awarded the contracti and began work in March 1986, 



Scope of the Study 

NSF did not commission a project "to develop a science education plan and manag 
ment structure for the Foundation," Rather, the project was to assess the advantages 
and disadvantages of NSPs cui^ent initiatives and of alternative initiatives in pre- 
college science education; this Msessment would help determine available options and 
guide NSPs own planning* T^e objectives of the study did not encompass studying or 
advising on management structure, 

l^e tenn "science education" included education in mathematics^ the natural 
sciences, enpneering, and technoloffl^ (as both a tool and object of study), ilie 
social sciences were not included^ to keep the scope within reasonable bounds and 
because historic^y NSF had run into political difficulties in focusing on social 
sciences. The study was to focus on the K-12 levels (elementary^ middle/junior high, 
and high schools), although it was not Umited to formal education* We defined it to 
encompass in-school and out-of-school learning for children and youths from 5 to 18 
years of age, whether or not they were going to attend college* '^e project dealt 
mth undergraduate md higher levels of formal education only insofar as they influ- 
ence education for learners at tiie K-12 levels. For example, the undergraduate, post- 
graduate, and insemce education of teachers of science and mathematics is central 
to K-12 science education instruction. Also, the SAT tests and the admission require- 
ments for colleges have a significant influence on the high school science and mathe- 
matics curriculum. 



* SEE had earUer awarded a contract to Resewch Trian^e Institute to assess initiatives related to 
icienca education (excluding mathematics) at the middle/junior hi^ school level Subsequentlyj SEE 
convened a series of panels concerning NSPs role in undergraduate-level science, mathematics, and 
engineeFing education. 
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The activities specified in the RFP for the project were: 

(1) To review the prior e^erience of NSF in funding science education 
programs. 

(2) To clarify the objectives of NSF's current and alternative initiatives, 

(3) To assess the advantages and disadvantages of current and alternative 
iftitiatives available to NSF to meet its objectives. 

(4) To develop evaluation plans for SEE to use, on an ongoing basis, to assess 
the quality and impact of its work, 

$RI propo^^d that the first three of these activities be combined and carried out con- 
(?arreatly 0 Phase I of the project and that acti\dty 4 be the focus of the second 
phase, first study phase was thus aimed at assessing previous, current, and 
^ternativ^ initiatives for NSF in K-12 science education. This task included clari- 
6^*18 the c?bjectives-and assessing the advantages and disadvantages--of initiatives 
^v^lable NSF to address problems and opportunities in science education, based 
partly on lessons learned from previous NSF-supported initiatives. I^e findings of 
phase 1 ar^^ presented in three volumes: Summary Report, Volume 1 - Problems and 
OpPortunUks, and Volume 2 - Groundwork for Strategic Investment (this volume). 
This ni^ttiOdological discussion describes the approach and procedures for arriving at 
these findiflgs. 

The piiqjose of the second phase is tc develop a plan and procedures for SEE 
to Use in assessing its own programs on an ongoing ba^is. In their final form, the 
assassnient plan and procedures will reflect the results of testing evaluation 
procedures that SEE can use in managing its future initiatives. Methods for this 
a^tivify vdll be described as part of a subsequent report. 

The phase I task--assessment of initiatives--included both evaluation and 
planning activities and, over time, the emphasis shifted from evaluation of previous 
apd curr ent programs to identifying available options and promising initiatives. NSF 
requested W objective appraisal of the effects of previous programs, a determination 
of the adv&Atages and disadvantages of SEE*s current initiatives (or programs) at the 
K^12 leveJ* ^nd an examination of the advantages and disadvantages of alternative 
initiatives. 



Co^ukation with NSF 

To car^ out the assessment activities in such a way that the results would 
actually influence NSF's actions, SRI proposed to work closely wth staff of the 
Educatioi; Pirectorate (where all of NSFs K-124evel science education programs are 
hc^used) to Understand program objectives, resources, and constraints, and to obtain 
tb^ir flndiJiP about past and present projects that were pertinent to the design of 
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new initiatives. We solicited feedback on our interim findings and reports to catch 
inaccuracies in program descriptions and to improve communication of the findings and 
their Implications, We interviewed NSF officials outside SEE to understand the 
agent's overall role and the context for its science education programs. Thus, in 
evaluating SEE's programs to advdse on current and alternative initiatives, we in- 
formed SEE staff at each stage and became mutually informed as the work progressed. 
We relied on many different methods and numerous sources of information and acted in 
the mode of a consultant to NSF. 



Orgmmation of the Project Team 

Our project team comprised several basic organizational and functional compo- 
nents. Hie central organizing group of people, called the core project staffs was 
made up primarily of SRI staff members,* Thh group was responsible for the overall 
design and methods of the study, for decisions on the framework and assessment 
criteria^ and for the final analysis and reporting, 

Tht core st^f was extended by a group otpnmafy consultants. These consul- 
tants helped most in the first 6 months of the project, as members of working groups 
that were fonned to assess initiatives from five content domains in--or perspectives 
on--K*12 science education, (A sixth group devoted itself to preliminary planning 
and conceptual work for Phase H,) Table 5-1 lists the membership of the working 
groups, including core staff and the primary consultants. The working-group consul- 
tants were selected for their particular e^ertise in the science education (or meth- 
odological) issues addressed by this project. M^y of the consultants participated 
substantially, not only in the gathering and inteipretation of information and in 
working-group meetings, but also in conceptualizing the study, synthesizing findings, 
and drawing conclusions. 

In addition, we relied on the assistMice of many "resource persons." These were 
individu^s who pro\dded important information, assistance, and perspectives on 
topics relating to their e^ertise in science education. The resource persons par- 
ticipated as authors of commissioned papers, participants in project review meetings, 
respondents in interviews with project staff, and providers of written information or 
opinions on project topics. 



* Wayne Harvey (formerly at SRI, now at Education Development Center), Michael Knapp, Margaret 
Needels, Debra Richards, Patrick Shields, Marian Steams, Dorothy Stewart, Mark St. John 
(consultant to SRI), Maiy Wagner, and Andrew Zucker, 
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WORKING GROUP MEMBERSHIP 

School-Based Science Education 

Paul Hurd, School of Education, Stanford University 
Michael Knapp, SRI* 

Mary Budd Rowe, Dapartment of Science Education, University of Florida 
Mwk St, John, SRI Consultant 

SchooUBased Mathematics Education 

Wayne Han^ey, Education Development Center** 
Jereniy Kilpatrick, College of Education, University of Georgia 
James Wilson, College of Education, University of Georgia 
Andrew Zucker, SRI* 

Informal (Out-^of'School) Science Education 

Milton Chen, Graduate School of Education, Harvard University 
Judy Diamond, San Diego Natural Hlstoiy Museum 
Robert Semper, San Francisco Exploratorium 
Mark St. John, SRI Consultant* 
Andrew Zucker, SRI 

Technology in Science and Mathemaiics Education 
Wayne Harvey, Education Development Center*,** 
Kristina Hooper, Apple Computer 
Glerni Kleiman, Education Development Center 
Marian Stearns, SRI 

Robert Tinker, Technical Education Rese^ch Centers 

Development and Support of Science and Mathematics Teachers 

Charles Anderson, Department of Education, Michigan State University 
Robert Bush, School of Education, Stanford University 
Michael Knapp, SRI 
Margaret Needels, SRI* 

Barbara Pence, Dep^ment of Mathematics and Computer Science, 

Sbh Jose State University 
Pinchas Tamir, Hebrew University, Jerusalem 

Evaluation Design 
MariM Stearns, SRI* 
Michael Knapp, SRI 

Alphonse Buccino, College of Education, University of Georgia 
Edward Haertel, School of Education, Stanford University 
Milbrey Mclaughlin, School of Education, Stanford University 
Ingram Olkin, School of Education, Stanford University 
Patrick Shields, SRI 
Mark St. John, SRI Consultant 



* Working-group leader. 
•* Formerly at SRI. 
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Overview of the Study Approach 

We had to create a study design, methods, and procedures that were tailored to 
the project's (contractual) objectives, that took account of the problems and oppor- 
tunities in K-12 sdence and mathematics education, that maximized input from the 
community of potential grantees and other players, and that fit the characteristics 
of NSF and the capabilities of SEE. ITiere was no specific assessment-for-planning 
methodology or formal precedent that we could adopt; instead, we adapted various 
evaluation, policy analysis, research, and planning methods and procedures as needed. 



Initiatives as the Unit of Analysis 

We started wth a definition of the primary unit of analysis-^that is, initia- 
tives. We thought of initiatives not as individual projects but as corresponding to 
the level of programs or parts of programs (a priority target a^^a wthln a program), 
Th^t is, SEE's Instructional Materials Development (IMD) ' oram or a subpart of it 
(the targeted elementary curriculum solicitation) could be CL.*4didered an initiative 
designed to achieve the objective of improving the science education curriculum. As 
described in Part Two, we view initiatives as hypotheses: if SEE announces its 
interest in addressing a target problem by means of research, development, training, 
or other types of projects, then potential grantees will respond with appropriate 
proposals, be awarded grant support, and cany out activities that solve the target 
problem as envisioned by SHE* A program announeement with specified objectives and 
rationale signals an SEE initiative designed to achieve the objectives, "^e funding 
of a set of projects to address a targeted problem is an investment by NSF in the 
improvement of science education. 

In tL^ ewly months of the project, we developed a set of criteria for assessing 
initiatives, TTie criteria for weighing the advantages and disadvantages of various 
current and potently fiiture initiatives for NSF are listed in Table 5-2, In addi- 
tion to criteria forjudging initiatives (or indi\ddual investments), we developed a 
list of dimensions on which initiatives could be characterized, but which do not 
necessarily reflect an advantage or disadvantage outside the context of NSF's whole 
portfolio of initiatives. Table 5-3 lists those dimensions that can be used to 
characterize the science education investment portfolio. (TTiese criteria and port- 
folio dimensions evolved somewhat during the course of the project,) 



Two Stages in the Evolutif i of the Project 

TTiere were two distinct stages in the evolution of Phase I of the study. Each 
was associated with a particular perspective on SEE*s initiatives and a particular 
framework for arrajdng initiatives for assessment. The first stage can be character- 
ized as looking at NSPs im'^iatives from the point of view of significant problems 
in five different science education domains; in the next stage we looked at promising 
opportunities for addressing problems from the point of view of what NSF can best do. 




5-5 



287 



Table 5^2 



CRITERIA FOR ANM^YZmG SEWS 
APPROACH Ajm INmAT[\^S IN EACH DOMAIN 

1* S^vficant Direct Impact on Tmget (e.g., leamei^, teachers, or content) 

■ Breadth of impact 

■ Deptii of impact 

■ Lnportance of the problem/need addressed 

2. Signiflcmt Indirect Impact on the FieU of Science Education 

■ Knowledge base 

■ Avmlable repertoire of models 

■ Professional/leaderehip development 

■ Stimiilus to forther acti\dty 

■ Participation of new groups, institutions 

3. Nature of Eternal Responses 

■ The field potential grantees available/ready) 

■ Others professional supporters/adversaries, political constituencies) 

4. Leveraging Potential 

m How much an NSF dollar buys (impact relative to expenditure) 

■ Stimulus to other resources (matching by others in short run and sustained 
effort by others after NSF support is withdrawn) 

5. Appropriateness to NSF 
m Federal role 

■ Science education grantsmaldng ageuQ^ 

6. Feasibility 

■ Funding requirements 

■ Other resources and constraints in NSF/SEE 
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Table 5-3 

DIKffiNSIONS USED FOR CHi^ACrERIZmG PORTFOLIOS OF INTnATIVES 



A. Directorate Mmion md Public Posture 

h Semce orientation (direct semce vs, capacity/model building) 

2. Intended beneficiaries (m^nline, pipelinei twget groups) 

3. Risk level* 

4. Politick appeal (to Confess, OMB/White Housei NSF hierarchy, science 
education community) 

B* Scope and Focus of Initiatives in the Portfolio 

5* Levels of education (elementary^ middlei hlghp higher) 

6. Activities supported (reseMch, developments tredning, etc) 

7* DisciplinMy focus (biologicM sdences, mathematicad sciences) 

8, Orientation to "pure" science vs, applications of science 

C. Mechanisms for Achievir^ Goah of Pro-ams in Portfolio 

9, Spedficity of propams (open ffmt, t wgeted solicitation) 
10* Grmt size rMge (large vs. sm^) 

11. Time horizon for funding (short tenn vs. long term) 

12. Orientation towMd institutions vs. individuals 

13. Tjpes of funding recipients (agents) 

14. Emphasis on collaboration 

Portfolio Size and Coherence 

15. Number of separate progrmis in portfolio 

16. levels of fimding for progrMas in portfolio 

17. Relationship among progrMns in portfolio (mutually supportive vs. 
discrete) 



* Th§ dimiiiaion of "risk lever may sound like a criterioa and "hl^ risk" mi^t be eoniidared a 
disadvantage. However, if hi^ gain or good effects on some aspect of science education can be 
adiieved o^y tlirough a hi^^risk strate^, then a hi^-risk, hi^^gain initiative mi^t just balance 
the low^risk, low^gain initiatives in the portfolio and thus ha^ advantages. 
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Our an^ytic approach evolved m four ways as the stages progressed: 



■ Fwm mtmspectwe to prospective views. The task evolved from an evalua- 
tive Msessment of pre^ous and cun^ent programs to a planning-oriented 
assessment of prormsing opportunities, initiatives, and strategic options. 
TOus, we did most of the Mstorical re^dew of NSF's programs (before 1981 
Mid since SEE's reestabUshment late in 1983) in the first stage, and the 
principd results of the first stage were descriptions of SEE's current 
approaches Mid ftinded projects. We identified the problems and needs of 
each domdn mora clearly in the first stage and identified opportunities to 
solve them more during the second stage, "nie assessment criteria were used 
early on to detennine how efiective certain initiatives had been in the past, 
as well as to assess the current SEE programs, M the second stage, we used 
the same criteria primarily as a prospective measure, ^lus, the "breadth of 
impact" criterion, for example, was used to ask: How likely is it that 
plaimed initiatives or proposed alternatives vnll affect a large number of 
students, teachers, or other tMget audiences? On the basis of the answers, 
we re^dsed our suggestions for the design of Initiatives, 

■ From the outside in to the imide out Because we firet got the help of everts 
from the K-12 science and mathematics education community, the point of 
^ew in assessing initiatives emphasized looldng at the Foundation's 
initiatives and evaluating them in terms of the needs of the field. As the 
project progressed, we did more detmled am^yses of NSFs unique role as a 
federal scientific agency and better appreciated SEE's capabilities and 
needs, ticreased fMniliMlly with the Foundation and Its Education Direc- 
torate chMged file emphasis so that we looked at current and potential initia- 
tives more from NSF*s ^de^oint as an agency that had to choose its invest- 
ments cwefiilly. Options were narrowed to the Mnds of initiatives for which 
NSF (SEE) would be the most appropriate supporter (given the roles of other 
players in science education), 

■ From one to two levels ofmafysk, Thm sole unit of Malysls early in the 
project was the imtiatlve- As the project proceeded, we found it necessary 
to go beyond the Initiative and embed its analysis In a superordlnate level 
of Malysis, To determine the advmitages and disadvantages of initiatives. 
It was necessaiy to see their objectives in the context of NSFs (SEE's) 
overall goal or mission in science education md their rationale for achiev- 
ing objectives in terms of NSFs (SEE's) overall strate^ for achieving that 
goal-that is, NSF's investment strate^ for improving science education at 
the 12 level. We therefore moved from emphasizing the program-level 
initiatives to emphasizing the Directorate-wide strategies. 

■ From assessment by domain to assessment by opportunities. The first assess- 
ments of initiatives were dona from five different (working-group) perspec- 
tives refiecting the areas of activity around which members of the scientific 
Bud science education communities group themselves. At this stagey we 
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examined the problems m6 assessed the previous, cuixentp md alternative 
initiatives from the ^dewpoint of each working group. 

to the second stage of the assessment process, we integrated the worldng- 
p'oup perspectives imd used promising opportumties for NSF across the 
domains as the fr^ework. Using much of what we had already found by 
exMiining problems md initiatives from the five different perspectives, we 
determined the most promising opportunities for NSF as a grantsmaking 
agen^ in science education. We then reassessed the current programs against 
these opportunities and identified promising initiatives for addressing the 
opportunities. MMiy of the alternative initiatives were oripnally the 
products of working-youp analyses; others emerged as part of the second- 
stage w^ysis. 

Below we describe the procedures in each of the two stages of the study. 

First Stagei WorUng-Group Assessment of Initiatives 

TTie worldng groups represented five different 'Vantage points" for looking at 
the problems in science education and NSPs (SEE- s) activities in relation to them, 
SEE's propams have tradition^y been orgwized by fimction (e,g,, Research in 
Science Education and Resewch in Teaching and l^Muing; Summer Institutes for 
Science Teachers and Teacher Preparation md Enhancement), We had considered 
organiring our Mialysis of SEE*s imtiatives by type of activity supported (e.g., re- 
search, development, training, dissemination, other), but we rejected this approach. 
Describing initiatives in tems of their method does not reflect the substantive 
problems in science and mathematics education to which NSF might target its initia- 
tives. In addition, individuds in science education do not identify themselves or 
their work as much by fonction as by field, discipline, or domain (ma&ematics 
education, cogmtive science, physics education, teacher education, etc). Conse- 
quently, we decided to examine the problems ^d NSF's programs/initiatives through 
the substantive "lenses" of five science education domdns, T^e domains were defined 
as follows: 

■ School-b^ed science education. This group focused on "science education" 
nan'owly defined to include school-based instruction (K-12) in the natural 
sciences (and the social sciences only to a very Hmited extent- -i.e., to 
extract lessons firom NSF's historical activities in this area), and education 
that fEdls under the mbric of "science, technology, and society" (STS). 
"School-based instmction" included activities that happen outside the school 
walls (e*g,, fleld trips to laboratories) as long as they were in some way 
part of the formal school curriculum, ITie group concentrated its energies on 
research and development activities related to school-based science education 
(i*e*, not focusing on teacher education). 
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■ School-based mahematics education. The yd&w of this group paralleled that 
of tihe science education poup closely, only with a focus on mathematics, 
Ita group focused its attention on instruction from grades K through 12 in 
mathematira and the mathematics sciences (arithmetic^ algebra, calculus, 
geometry, statistics, computer science, etc.). 

■ Inform^ (out-of^school) science education. Tlhis working group targeted 
its attention on the wide range of SEE acti\ities designed to enhance the 
interest in and learaihg of science, mathematics, and technology in nonschool 
settings. The ^oup divided up this domain by medium: television, radio, 
print, museums, etc. 

■ TechnoloQ^ in science md mathematics education. TOis group focused its 
efforts primmly on the creation of new technologies (future oriented) 
rather than on how existing computer software md other media can be used 
effectively in today*s schools (this latter issue was addressed by the other 
working poups conceraed with the specific subject areas to which the 
technolo^ is applied). Issues addressed include resewch and development of 
technology applications in the classroom and in informal environments; the 
use of technoloa^ for testing or school adnunistration; and the evaluation of 
the instructional design of computer sof^are or %ddeodisc materials. 

■ Science and mathematics teacher dm^elopment ar^ TOs domain 
included any efforts aimed at enhancing the knowledge and skills of K-12 
science and mathematics teachers, attracting new teachers to these areas of 
instruction, md retaining them in the profession, Acti\ities examined 
included ne^orks among teacher educators md others to enhance the ttaining 
and support of teachers and research in teacher education, as well as teacher 
education and teacher recruitment and retention issues. 

Early in the first stage, each worWng group looked across uT! of SEE's progrmns 
at aJU acti\dties relating to Its domain and asked: What do we know from past 
projects about what to do and what not do? What we the significant problems in this 
domdn today that need to be addressed? Are the projects funded by SEE addressing 
these needs? How should current acti\dtles be modified to address them and what 
alternative initiatives are advantages? The working groups examined the impacts of 
earlier NSF acti^ties Mid ej^lored the issues in science education (vdthin the 
working group domain) that had bearing on signiflcant problems or ways to address 
them. 



Assessing Previom and Current Initiatives (by Working-Group Domain) 

Activities of the working groups were coordinated so that each group took fiiU 
advantage of what others were learning, and duplicate information-gathering efforts 
did not occur. Core staff meetings^ shared interview schedules and field notes 
(facilitated by an electronic mail system), and overlapping membership of SRI staff 
on working groups served as important coordination mechanisms. 
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i^alytically, each poup: 



■ M^ped ttie temtoty of its science educj^^ doF it! d- scribed ways to 
improve It (based on ttie state of the ar . a he pro ^ ms : \ the dommn). 

■ Described NSFs currentty funded prmeci^ under aU initiatives, inferred an 
overall approach to its domain, Mid 2m^^---^ thf advar ;ages Mid disadvmtages 
of the approach, 

■ Generated alternative ^proaches fof ^ ^ ants \ a the domaint 

■ Assessed the advantages and disadvantage ^ ^ taniatives for NSF investment 
in the domain* 

We relied hea^y on the knowledge md judgment of the e^qperts from the five 
academically distinct domains in science education. 'Diese everts provided findings, 
models, or analyses about the sources of significant problems md the ways and means 
of addressing tiie problems, "^ey judged the likely impact of cuixent NSF-sponsored 
projects Md other activdties Md helped us deteimlne the lessons from prior initia- 
tives of NSFs Education Directorate. Tie infomation on which the working groups 
based their anEdyses cwne from many sources. Several of the major sources are 
described below. 

SEE fimdir^ hktoiy-AJmig NSF program summMieSi annu^ reports, previous 
historical review documents, md other NSF reports bhA documents, project staff 
created a program funding chronology of NSFs ^iducation initiatives from 1952 to 1986 
(see Part T^ee of this volume), "niis document showed the extent (level of fonding) 
and duration of the Directorate- s investments in teacher trdning, materials develop- 
ment, research, and ottier educational activities. This re^dew was a useful tool for 
examining major trends and emphases in NSFs pMt education efforts* 

A more detailed program ftmding histoty was compiled to show year-by-year 
funding by SEE program and by lype of activity. T^is more detailed review was 
difficult. "Programs" were not consistently reported as clearly defined, separable 
entities. Sometimes reports aggregated data at the di\dsion level, m^ng it diffi- 
cult to identify the ftmding associated with a pMticulM program in the division. 
Awards lists and other project documents often did not mdicate the program or pro- 
grams from which a project came (some projects were funded by more thm one program); 
documents inconsistently reported project funding amounts: some reported the total 
award wnount^ others reported a yewly awarded amount, and others reported an actual 
project funding total. Cuirent wA former NSF staff helped resolve some of the 
discrepancies Mid missing data* Despite the remaining holes ^d uncertainties, we 
were able to put together a tmiXy accurate program-by-program, year-by-year funding 
histoiy of all SEE programs through 1986, ^is document appears in Part ITiree 
of this volume* 
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We also created a data base of projects funded in SEE in the yews since the 
Directorate's reinstatement (FY 1984, FY 1985, and the first half of FY 1986) to 
analyze NSPs most recent approaches to K-12 science education. He data base 
included ttie following information about each project: awwd amount, project dura- 
tion, type of project (research, teacher training, etc.), piteiary subject matter, 
targeted education level (e^g., elementary, high school), atid other information taken 
from project abstracts (NSF Form 9s). TTie data base iilowed worWng group members 
to search for and sort projects according to major categories such as targeted level 
of education or prim^ subject matter focus, 

LiteratuK review-The working groups made extensive use of literature that 
shed light on the particular programs in question, on ideas for alternative initia- 
tives, on the assumptions underlying these efforts, on the wider effects of NSF 
actions, and on the state of the domain more generally. Different items had greater 
unportance to some working groups than to others, but, in general, the following 
categories of literature were considered: 

■ NSF documents (published reports, congressional hearings, internal oversight 
reviews, etc.), 

■ Other pertinent federal documents (e.g., histoiy of SEE by the Congressional 
Budget Office). 

■ Evaluations of SEE's funded projects or similar programs. 

■ Analyses of the state of the field (e.g., through status surveys, 
examinations of trends). 

■ Other literature on the needs or activities within the domains addressed by 
the working groups. 

Interviews'-Mnch of the data for the working-group analyses came from inter- 
views vidth a isd de variety of professionals who represented different perspectives on 
the domain (irrespective of NSFs activity within it), on NSF and its programs, and 
on their effects on science education (within the working group domain). Worldng 
groups aimed at obtaining the widest possible representation of perceptions, 
opinions, and backgrounds. The kinds of perspectives they looked for Included those 
of (1) scientists, mathematlciMs, and engineers; (2) science and mathematics educa- 
tors concerned with elementaiy, secondary, or mformal education; (3) NSF staff at 
aU levels and from all fields; (4) former or current principal investigators of NSF 
projects; (5) proposers on NSF projects who did not obtain NSF ftinding; (6) staff 
from other federal government agencies; (7) professional society representatives; 
(8) reviewers of SEE's proposals; (9) developers or distributors of science education 
materials; (10) science education practitioners; and (11) others who could offer 
views on the state of science education in the domain and NSF's past, current, or 
potential role In it. 
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Literviewswere con^3iscted in person md by telephone by working-group members. 
Most interview were fonmnaUy ariMged; however, inform^ interactions (e.g,, through 
profession^ ^nfiranca j^artldpation) also contributed to worldng-group andyses. 
fateniews wMeopen-en^3ed and ej^loratoiy and aimed at eliciting the interviewees* 
thou^ts on thefoUowngs topics: 

■ Perceptions of th^^ field: problems, bwriers, and opportunities. 

■ Appf ^lal of pres^ent related past NSF programs. 

■ Ideas fordifferenM initiatives or changes in overall NSF strate^ in science 
education. 

■ Perceptions of N^SF operations md ways to improve them. 

Interviews were guided a topicid guide adapted to the nature of the domain under 
investigatioii* Forillustrs,tive pu^oses, Table 5-4 shows the intemew guide used 
by lie schooHased sdeaace education worldng p^oup. Other worHng groups used 
similar guides tailored to tibe issues in their domains. T^e guide shown here, for 
example, includes topi^ ffiuch as the textbook creation bottleneck because of its 
particular relevance fors«<hool^based education in the nature sciences. Each 
working ^oupconducte^E between 75 and 125 interviews; altogether (including indi- 
viduals interviewed by th^m ev^uation desi^ woridng group), more than 600 people 
were interviewi btarv^lew notes were shMed within the worldng groups and, as 
pertinent, with staff of oflber working groups. 

CommUsmdpap€r^^--bi a few instsmces, to supplement information gathered 
from existing literature aaid interviews, we comrnissioned papers* One paper, written 
by Dr. EUiot Soloway for the technolo^ in education worMng group, examined NSF's 
potential itratep in im^pro\dng the teaching of precoUege computer science. 
Dr. Gerald Kulmprovidft^d ttie school-based mathematics education working group with a 
paper on the roles of matI2iematlcs educators, mathematicians, md NSF in improving 
preeoUege mathematics ^^ducation. A third report, by Dn Joel Aronson, aided 
analyses of all flva workinBg groups by focusing on NSF's current md potential initia- 
tives to pro\dd6 effective Meadership in addressing the needs of minorities in K-12 
science and matliematics education^ 



Developing WoMng-Oroi^^ Findings 

After several montliss of information gathering and analysis, the working poups 
assembled their findings ^according to a common outline (see Table 5-5)* To obtain 
independent reactions to ttese preliminaty findings, we organized working-group 
review meetlaf (five sap^^ate 1-day meetings), to each of which we invited five to 
seven outiide cprts aiidJ. several SEE st^ members who were most involved with 
propeuns cefltered in the dommn (three to five SEE staff members were present at each 
meeting), Ttie outside e^^yerts were selected to represent different perspectives 
m&in the donnaln, For example, the informal science education group invited 
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Table 5-4 



EIUSXTRATTVE nCTERVIEW GUIDE 
School-Based Science Education Working Group 

Bmkgroimd Infomatm on .Respondent 

■ Institutional affiliation: current Md during years associated widi NSF 

■ Relationship with NSF over time: roles in NSF? recipient of NSF grants? 
Otiher (advisoty, reviewer, program oversight...)? 

■ listing of project(s) siipported by NSF 



Perceptions of the Domain: Froblems, Barriers, Opportunities 

1. What are the most si gnifi cant problems in science education that can be 
addressed by a federal-level scientific fimding agency like NSF? (NOTO: 
Listen to teacher-related problems but indicate to the respondent that these 
issues will be addressed more centrally by another working group.) 

2. What new opportunities present themselves for NSF action that did not exist 
in the past? Probe the following issues as sources of opportunities (also 
challenges, problems): 

■ Debate over the meaning of "scientific and technological literaq'" 

■ Differences m need at the elementary, middle, and high school levels 

■ The textbook creation/adoption bottleneck 

a State-level science education reforms and the broader movement to reform 

education overall 
8 Accumulating wisdom on the prerequisites for change 

■ He challenge frona overseas: models of science education from other 
countries 

■ ITie changing proaie of the smdent population 

■ The neglect of the .gifted and talented 

3. In what ways do conditions in the field stand in the way of any effort by NSF 
to stimulate needed innprovements? 



Appraisal of Current (and Related Past) NSF Programs 

NOTE: To jog respondent's miud or memoiy about what programs we are talking about 
have him/her scan the attached one-page Ust of past and current NSF/SEE programs in ' 
the areas addressed by the worldng group. 
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Table 5-4 (Concluded) 



4* How would you Msess NSFs current programs/XYZ Program, both in tennB of 
their sti^eng^s Mid their we^messes as investments mmed at impro^ng 
sdence education? (Probe on propims in area of respondent" s e^ertise: 
reseMch programs? materi^s or curriculum development progrMis? programs 
mmed at opportumly enhMcement? other.,,? Dotft probe teacher-reiated 
programs^ but listen to what people have to say about these.) 

5. Which progranis are most/least appropriate to Feasible? Likely to exert 
leverage over resoMceSp ideas, or other actors? Soundly or creatively 
conceived? Effective, in tenns of achieving objectives Mid covering the 
targeted audience/needs? Important? Likely to enh^ce the opportunities of 
women, minorities, end handicapped individuds? 

6. What have been the longer-rMge impacts of XYZ Program on the On what 
do you base your judgjnents of effect? (Probe: secondary effects as well as 

tiie Intended primly effects?) 

7. Have tiiere been pwticulw long-term impacts of projects you have done with 
NSF funding? ^^at impacts? Evidence for these? 

Ideas for Different Initiatives or Chmges in Ovemll NSF Strategy in the Domain 

8. Given a constant current level of funding for dementary and secondary 
educational progrMis (approrimately $50 million), what alternative 
initiatives or programs would you propose ftat NSF consider in science 
education? 

9. (For each initiative proposed) What are flie most significant strengths of ABC 
initiative? What Me its drawbacks? 

10, How might NSF effectively ^ter its overall strategy in science education? 
More spedfic^y, in reseMch related to science education? Materids/ 
cumculum development? Other kinds of programs (see probe.list above)? 

Perceptiorw of NSF Operations ar^ W^s to Improve Them 

11, What Me the particular strengths of the Science and Engineering Education 
Directorate md tiie way it implements its programs for improving science 
education? 

12, Are there ways tiiat its implementation of programs or other aspects of its 
operations need to be improved? How can this be done? (Probe for 
respondenfs basis for perceivdng a problem in NSF operations,) 
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Table 5-5 

WORKmO GROUP ANALYSIS OimiNE 



I Introduction 

a. Definition of the domain 

b* Framework for examining initiatives within the domMi 
c. Brief e^lanation of an^ytic approach 

n Framework: of Tliinldng About ThU Domain and How to Affect It 

a. TTninfcing stratepcdly about the field 
b* Intervention opportunities 

c. Groups md individuals involved in the improvement of the domain 
m NSF's (SEE's) Presence and (derail Approach in the Domain 

a. Overall approach in the domain 

b. Patterns of investment 

c. Operating strategies in the domain (as embodied in current md 
projected SEE programs/initiatives) 

rV Anafysis and Critique of Current Strategies 

a. Critique of overall set of cui^ent stratepes 

b. Strengths and we^messes of each strategy 

V Opportunities for Strengthening NSF's Strmegies in the Domain 

a. Overall strategic shifts 

b* Ways to strengthen^ modify cuirent strategies 

c. New strategies 

VI Concluding Observations 
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individuals from some of the different media of infonia^ education (tele^sion^ 
radiOp print), as waU as from ottier organizations (foundationsi museums) involved in 
this area. Most of the participants had had some previous involvement with NSFj 
althou^ their taiowledge of NSF acti^dties was not a requirement for pi^icipation in 
the meetings. 

Meeting participants re\iewed ttie worWng group- s assessment of the overall 
state of the field and of the relative strengths Mid we^iesses of NSF^s current 
individu^ initiatives in the domain. P^icipMits provided feedback, Mid our prelim- 
inwy findings were modified in response to the perceptions of this extended group of 
everts in the five domains* 

Tlie first stage of the study drew to a close when we presented these findings to 
the staff of SEE. At this presentation it became clew that, al^ough the working- 
group process had elaborated on the needs in science education and drawi lessons from 
past successfid initiatives, provided the Directorate mth perspective on its 
approaches to science education problems, showed the advantages md disadvantages of 
particulM targets ^d approaches, and thus suggested variations on or alternatives 
to the current initiatives, it did not ftilly satisfy the Directorate's needs. Staff 
of SEE wanted more specific guidance for their actions. 

A list of multiple twgets and initiatives addressed to them did provide program 
officers, division directors, or the AssistMt Director (AD) with a set of priorities 
or next steps, Jn interviews v/ith congressional and OMB audiences, it was clear that 
they had been continually dissatisfied with NSF- s merely listing the education pro- 
grMtis it was sponsoring. Hiey wanted to know what general objectives SEE was aiming 
to achieve and what its overall strategic plm for attuning these objectives was. 
Both SEE Mid its audiences (NSF leaders. Congress) were requesting that we move 
toward fulfilling the congiession£d mandate for a science education plan and manage- 
ment structure. So fw, we had only infenred from cun^ent investments what the 
larger sttategies might be and suggested variations on them for next initiatives* 
Much less evaluation of previous successes and failures, cuirent needs, and potential 
initiatives was needed, md more plmning within a framework of general options was 
needed. Also, a more Directorate-wde or top-down conception was needed. 



Second Stagei Identifying Opportunities and Strategic Options 

Tlie assessment of cun^ent initiatives from five working-group perspectives 
helped us identify where SEE was currently investing in high- and low-payoff 
projects, but it did not prioritize investment options at the level of the individual 
programs nor did it suggest over^l directions for the divisions or the Directorate 
as a whole, TTie initiatives developed by the working groups addressed problems of 
concern to p^icular segments of the science education communify sxid suggested 
fiinding mechanisms that were appropriate from the point of inew of selected potential 
granteeSj but did not necessarily represent the perspective of m agenqr ti^ng to 
bring about changes in science education through strategic investment. 
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The working-group findings needed to be sj^thesized across domains and presented 
as a coherent set of problems to which NSF might address its initiatives. Also, the 
initiatives that NSF could support had to be developed from the point of view of what 
was most opportune for the Foundation, given the current trends in science education 
and given the other players whose efforts could be leveraged. Finally, because NSF 
cannot i^ord to pursue every opportunity or support all the initiatives for which it 
is well suited, careful consideration had to be given to the Foundation's chosen 
mission in K-12 science education and to its overall stance or investment approach to 
achieving objectives A?dthin that mission. 

Hiere were four major events in the chronolo©^ of the project's second stage: 

■ A presentation of the project^s analytic framework and preliminary findings 
to the Advisoo^ Committee of the Science and Engineering Education 
Directorate* 



a A meeting with 30 representatives of profi^ssional science and mathematics 
education associations and scientific societies concerned with K-12 science 
education. 

■ Writing a draft final report (in two volumes) and conducting an extensive and 
elaborate review process. 

■ Rewriting and preparing the final report (including a summaty report and two 
backup volumes). 

We have organized the remainder of this section around the analytic steps that 
are reflected in the organization of all three report volumes. Tliere were five 
distinct analytic steps in the project's second stage: 

B Establishing a K-12 educational mission for the Foundation. 

■ Identifying problems and opportunities in relation to that mission and poten- 
tial initiatives aimed at each opportunity. 

■ Assessing cuwent NSF (SEE) programs and alternative initiatives in terms of 
the opportunities before the Foundation, 

■ Developing overarching strategies for the Foundation's investments in K42 
science education. 

■ Bcamining the Foundation's strategic capacity for investing in K-12 science 
education. 



We desCTibe each step in turn. 
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EstabMimg a K^12 Educational Mission for the Foundaiion 



During the first stage of the project, it rapidly became clear that we, SEE 
staff, others interested in science education could generate a practically 
infinite number of good initiatives and project-level ideas for attacking problems in 
science education, T^e only sensible way to guide NSF toward some investments, 
rather than others, was to clarify the superordinate goals toward which the 
initiatives were, or could be, aimed. Once we could define the goal or mission of 
NSF in K'12 science education, we could break it into objectives achievable within a 
certain time period (i.e., 5 yews to correspond with the congressional requirement 
for SEE to pro\dde its strategic plan). 

Working from the only e^licltly stated mission for NSF in K42 education, which 
appeared in the NSB Commission report on precoUege education. Educating Americans 
for the 21st Century, we launched an effort to frame a mission statement that could 
be endorsed across the Foundation and followed by SEE* After reviewing the legal 
chwter, written plans, and public statements about NSF's role in education at all 
levels (graduate, undergraduate, precoUege), interviewing additional members of the 
scientific estabUshment (inside and outside NSF), and reanalyzing the information 
from the K-12 science education commumty (inside and outside SEE), we stated a 
mission for NSF's involvement in K-12 education (inside and outside of schools). Our 
statement struck a balance be^een the "pipeline" development rationale and the 
"mmnline" rationale that are conunonly adopted in debate about NSF's mission (see 
discussion in the Summcuy Report and the introduction to Volume 1), The 
mission proposed was "to broaden the pool of interested and competent science 
learners to the age of 18/* 



Identifying Pmblems and Opportunities 

Given a statement of the Foundation's mission, it was then possible to focus on 
a set of national problems that related to NSFs overall mission, and to frame 
opportunities for NSF to address these problems. 

Problems in science education-Accoidingly^ we organized what we had 
learned in worHng groups about critical national needs in science education in terms 
of the "problems that limit the pool of competent and interested science learners," 
As discussed in Volume 1 (and briefly in the Summmy Report), these problems 
were conceptually organized into three categories: 

■ Content and instruction^ approach. 

■ Tlie quality of teachera and strength of the professional community. 

■ The infrastmcture for science education. 

In assembling a picture of national problems by Aese categories, important 
differences were apparent by education^ level, though more in some working groups 
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than others. We clustered problems that emerged from working group analyses by three 
educational levels (elementary, middle, high school) to the extent that distinct 
issues existed at each level; otherwise, problems were stated globally, pertaining to 
all educational levels. 

Opportunities and initiatives— The framework of problems generated an organ- 
izing rubric for opportunities. As explained in Volume i, we identified oppor- 
tunities within each of the three categories of problems wherever national needs and 
the Foundation's unique capabilities converge, in situations when trends or the posi- 
tioning of other actors make it timely for NSF to play a role (see Introduction to 
Volume 1 for a discussion of NSF's unique capabilities and the indicators of 
timeliness). 

ThQ opportunities we identified served as a device for clustering and sorting 
among the various ideas for initiatives that had emerged from working group 
analyses. In the course of doing so, we discarded many initiatives, broadened 
others, merged initiatives, and sometimes invented new ones to arrive at a set of 
initiatives that met our operational requirements for a strategic initiative (see 
discussion of designing initiatives in Part Two of this volume). 

Corefunctions-ln the course of identifying, sorting, and revising our list of 
opportunities, a certain subset of SEE investment activities emerged (which we had 
originally described as opportunities) that were qualitatively different from the 
goal-directed initiatives related to each opportunity. TTiese activities-aimed at 
promoting professional interchange, building the base of knowledge and information 
about science education, and supporting innovation-represented, instead, ongoing 
responsibilities of NSF that were always needed, both by the Foundation and the 
science education community. In fact, these "core fiinctions" were an important 
undeipinning for any strategic effort by the Foundation, as an input to its plaiming 
and as a way of preparing the science education community to respond appropriately 
to NSF initiatives. To carry out these core functions, NSF (SEE) could mount 
initiatives of a different sort, in addition to continuing current investments of 
several kinds (e.g., fundmg for research in science education). ITie core functions 
are described in detail at the beginning of this volume (see Part One). 



Assessing Current NSF (SEE) Programs and Alternatives 
in Relation to the Opportunities 

The set of 10 opportunities we identified (and 3 core functions) provided a 
frame of reference forjudging the impact of current NSF (SEE) investments and of 
alternative initiatives for the achievement of the lon£-term goal (broadening the 
science IcMner pool). Synthesizing what we had learned from working-group 
perspectives about current NSF (SEE) activities, we developed a rough appraisal of 
the degree to which each opportunity was likely to be achieved given current (and 
projected) NSF (SEE) investment strategies, assuming these were carried out over 
5 years (or more) in their current form. 
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Our judgments regarding NSF's likely contributions to achieving goals implied by 
each opportunity were based on: 

■ Historical precedent: lessons from NSF's past investments. 

a Emerging evidence from recent and current investments. 

B Logical analysis (e.g., examining the assumptions within the initiative's 
"hypothesis"). 

Where possible, we sought to corroborate our judgments by checking with NSF (SEE) 
staff and diverse members of the science education community, chiefly through the 
draft report review process. 

Vmous alteraatives to current approaches w^re considered, and those that held 
the greatest promise for impro\dng on cumnt SEE approaches were retained as 
"promising initiatives*" In m^y cases, promising initiatives included the continua- 
tion or e^ansion of an ejdsting SEE activity, where this appeared to be making an 
effective contribution to particular opportunities (or core functions)- 



Developing Overarching Strategies 

But a higher level of malysis was necessary to provide an^i-ganlzing rationale 
for NSF's choice among opportunities, and with respect to any pWticular opportunity, 
choice among possible Initiatives, The core team reanalyzed litemture, interview 
notes, and working group findings to fr^e appropriate overMchin| strategies that 
would serve the pu^oses of guiding NSFs (SEE's) choice of investtpents, explaining 
the Foundation's directions to the outside world, md maximizing the impact of the 
Foundations limited resources. Various cemdidates for appropriate strategy were 
considered; these were narrowed to three by the time of the draft report (which took 
"powerful ideas," "profession^ resources," and "diversity of learning ^teraatives," 
respectively, as ^temative primary foci for SEE investments), "^ese were subse- 
quently redefined and collapsed into two-the incrementai improvement and funda- 
mental change strategies-as e^lained in the Summary Report and Part Two of this 
volume, 

Examtntr^ the Foundation's Capacity for Strategic 
Investment in Science Education 

Finally, we analyzed some of the basic operational requirements for strategic 
investment* Because the focus of our study was on the assessment of opportunities, 
initiatives, and strategies, our review of the operational implications for the Educa- 
tion Directorate and the Foimdation as a whole was somewhat cursoty. Nonetheless, 
from reviewng interviews w& NSF staff ^d working group analyses, certmn themes 
recurred regarding NSF's organization^ home base for educational investment, 
staffing for SEE, continuity of resources, policies md procedures affecting 
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proactivlty, and the degree of support from NSF's top leadership. Hhese themes 
served as a way to orgmize our observations about NSFs current capacity for 
strategic investment in K-12 science education axid to identify ways this capacity 
could be strengthened. (The results of that analysis are described in the Summary 
Report and Part Two of this volume,) 
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INTIXATIVES TO IMPLEMENT OVERARCfflNG STRATEGIES 



Appendix A 

INITIATIVES TO IMPLEMENT OVERARCHING STRATEGIES 



The foUowng tables list initiatives we developed for NSF (SEE) to improve K-12 
science education under two different strategies, l^e first emphasizes investments 
aimed at increment^ improvements through widespread impacts on current educational 
systems, the other emphasizes efforts to promote more fondamental changes in the 
structure of science education over the long term* Each strate^ includes a compre- 
hensive set of initiatives that collectively address the 10 opportunities described 
in the report* In a few cases, the same initiative appears in both strategies; more 
often, different Initiatives related to each opportunity appear in each strata^ that 
reflect the underljing strategic philosophy. (We have noted within the tables the 
opportunity or core fonction category to which each initiative corresponds,) 

Resource estimates indicate the scale of investment that would be necessary to 
achieve the targets of opportunity. These estimates are based on analyses discussed 
in Volume 1 - Problems and Opportunities and Volume 2 - Groundwork for Strategic 
Investment, Resource estimates reflect the following assumptions: 

(1) Estimates indicate the level of SEE invertment over the next 5 years, 
even though some initiatives would require a longer time frame for 
completion, 

(2) Estimates do not include current SEE obligations for ftiture fiscal 
years. TTie amounts in the table would be allocated to existing SEE 
programs, or in some cases to newly created ones, over and above what 
these progrmns require to meet existing obligations. 

(3) The figures indicated in the tables do not show the amount for each 
irdtiative where a set of initiatives relates to a particular oppor- 
tunity or core function. See Volumes 1 and 2 for details about each 
initiative- s resource requirements and the basis for these estimates. 
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Table A-1 



INITIATIVES THAT IMPLEMENT AN 
INCREMENTAL IMPROVEMENT STRATEGY 



Estimated Resources 
Area of Opportunity /Initiatives (Over 5 years) 

Investments aimed at improving content and approach* 

a. Develop sof^are tools for learning mathematics; e^^and $25-33 million 
support for cun'ent efforts to develop standards 

(Opportunity 1).** 

b. Fund limited program of field-based experiments with $25^30 million 
new conceptions of middle and high school science 

content (Opportunity 2b). 

c. Support efforts to promote exemplary models for $3043 million 
reaching underrepresented groups; develop curric- 
ulum materials targeted to underrepresented groups; 

support talented members of underrepresented groups 
in intensive science e^eriences (Opportunity 3). 



Investments aimed at strengthming professional resources 

a. Put in place an extensive "support cadre" (lead teachers, $220-244 million 

cumculimi specialists^ and others) that will provide 
inservice training, adwce, and other fonns of assistance 
to cuixent or newly entering mathematics and science 
teachers^-especially at the middle and high school levels; 
support development of leaders md change agents at the 
elementary school level (Opportunity 4), 



* Efforts to improve contgnt and approach throu^ collaborative projects mth publUhers are listed on 
page 49 under "Investments aimed at systems upp-adlng," 

*♦ Investments in ioftware listed here do not include te^ology development that occurs as part of 
collaborative publisher projects, research on learning and learning environments, or the development 
of advanced technolopes for the foture. 
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Table A-l (Continued) 



Estimated Resources 

^ Area of Opportunity/initiatives (Over 5 years) 

Investments aimed at strengthening professional resources 
(continued) 

b. Develop eJternative preparation and retraining programs; $55-75 million 
support and upgrade science and mathematics teacher 

educators; some investment in new approaches to teacher 
education and teacher incentives 
(Opportunity 5), 

c. Study the current state of the infomal science education $4-5 million 
field (Opportunity 6), 



Investments aimed at ^sterns upgrading 



a. Engage publishers in Mibitious efforts to improve mathe- 
matics and sdence materials at the elementary and middle 
school levels, to be followed by hi^ school level; seed 
the science and mathematics tradebook market for young 
audiences (Opportunity 7). 

b. Stimulate national dialogue on testing poliq^ and support 
efforts to improve prominent tests and assessments now 
in use (Opportunity 8)* 

c* Stimulate national dialogue on state science education 
reforai; provide technical assist^ce to state-level 
planners and poliQm£Jcers; support cross-state research 
to help states leam from each other*s reform efforts 
(Opportunity 9), 

d. E^^Mid infom^ sdence learning resources in broadcast, 
museum, and recreation^ ^sociation arenas; support 
experiments vnth making these resources more available 
to schools (Opportunity 10). 



$50-60 million 



$10-15 million 



$15-21 million 



$100430 million 
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Table A-1 (Concluded) 



Area of Opportunity/Initiatives 



Related core fiinction investments 



a. 



Professional interchange: support network development 
within the professional community, with emphasis on 
practicing science educators; develop effective archiving 
and dissemination mechanisms; incentives for scientists* 
participation; research on demand for currently available 
high-quality materials. 

Knowledge building: support research, monitoring, and 
policy studies emphasizing the ftmctioning of formal and 
informal ^stems; fund research on learning and learning 
en\dronments that is closely related to developnient 
projects and to new technologies that are wdespread in 
the schools; increase efiforts to evaluate and document 
NSF-fimded projects; support research syntheses and 
inteipretations to encourage use of research hy front- 
line practitioners. 



Support for innovative ideas, unanticipated opportuniti 
(as part of each K- 12 science education program). 



es 



Estimated Resources 
(Over 5 years) 



$39-50 million 



$55-64 million 



$26-30 million 



TOTAL: 



$654-800 million 
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Table A-2 



INITTATIVES TO IMPLEMENT A 
FUNDAMENTAL CHANGE STRATEGY 



Area of Opportuni^/Initiatives 



Investments aimed at content and approac h 

a. Support efforts to reconceptualize K-12 mathematics 
through cumculiun proto^e creation and standard- 
setting (Opportunity 1).* 

b. Fund basic and conceptud research on alteraative 
approaches to elemental science along with large- 
scale field trids of these approaches 
(Opportunity 2a). 

c. Stimulate a national reexamination of what is taught 
in middle and high school science through national 
task forces and field-based experimentation 
(Opportunity 2b), 



Estimated Resources 
(Over 5 years) 



$40-50 million 



$48-62 million 



$50-65 million 



Support research on underrepresentation in K-12 
science education and ways to combat it; promote 
e^qploratory development of materials and methods 
especially designed to serve these groups better 
(Opportunity 3), 



$12-18 million 



Investments aimed at strengthening professional resources 

a. Fund the development of a teacher support cadre, 
as in preceding strate^, although less extensively 
(Opportunity 4), 



$60-70 million 



* To some ^enty ^conceptualization of mathamatica content and approaches will happen as part of 
rethinking sdence content and approach in Opportunities 2a and 2b. 
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Table A-2 (Continued) 



Estimated Resources 
Area of Opportumty/Initiatives (Over 5 years) 

Investments aimed at stren^hening professional resources 
(continued) 

Expand md e^eriment with incentives for attracting $72-92 million 

new teacherSi espeddly those wth strong scientiflc 

backgrounds; forther the investigation of teachers' 

pedagogical knowledge; ftind extensive experiments 

^^th trouble spots in the teacher preparation process 

and alternative ways to prepare teachers; support 

leadership development among science and mathematics 

teacher educators (Opportunity 5), 

c. Fund leadership development among infonnal science $27-30 million 

educators; study the inform^ science education field 
and fund research on, and evaluation of, informal 
science education efforts of various kinds 
(Opportunity 6). 



Investments aimed at^stems upffoding 



d. 



Foim consortium to e^lore altemative publication 
routes; support R&D on the "textbook of the future" 
(Opportunity 7). 

Support national dialogue on science testing polity; ftind 
R&D leading to prototypes Aat test or assess science 
skills and knowledge more effectively (Opportunity 8), 

Fimd cross-state resewch on effects of state reforms 
(Opportunity 9). 

Fund e^qperimentation wth new forms of informal 
science education md ways to link infomid science 
education more effectively wth tiie schools 
(Opportimity 10). 



$33-45 million 

$1248 million 

$5-7 million 
$42-55 million 
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Table A^2 (Concluded) 



Estimated Resources 

Area of Opportunism/Initiatives (Over 5 years) 

Related core ^notion investments 

a* Professional interchange: Create collaborative arenas 
(science education centers or the equivalent; collabora- 
tive arrangements in institutions of higher education) 
in which educators, scientists^ and others pursue work 
related to science education improvement goals; increase 
incentives for participation of scientists and engineers 
in science education improvement; support network devel- 
opment, especially among groups not currently in the main- 
stream of science education; create an NSF-based journal 
for the science education community (parallel to Mosaic), 

b. Knowledge-building: Fund extensive research on learning 
and learning environments, both to extend basic under- 
standing and to complement content reexamination; pursue 
heavy e^loratory investment in advanced educational 
technologies; support monitoring and analyses of the 
science education system emphasizing projected fiiture 
conditions; fund evaluative research, concentrating on 
sets of projects that e?^eriraent most with content 
and approach. 

c. Support for innovative ideas, unanticipated opportunities 
(as part of each K-12 science education program). 



TOTAL: 
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$62-80 million 



$75-97 million 



$42-50 million 



$580-739 million 



